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Primers for amplification of specific nucleic acid sequences of the second exon of HLA DRbeta genes and probes for 
identifying polymorphic sequences contained in the amplified DNA can be used in processes for typing homozygous or heterozy- 
gous samples from a variety of sources and for detecting allelic variants not distinguishable by serological methods. This HLA 
DKbeta DNA typing system can be used in a dotblot format that is simple and rapid to perform, produces detectable signals in 
minutes, and can be used for tissue typing, determining individual identity, and identifying disease susceptible individuals 



FOR THE PURPOSES OF INFORMATION ONLY 

of pamphlets publishing international 



Codes used to identify States party to the PCT on the front 
applications under the PCT. 



AT Austria 

All Australia 
BB ' Barbados 

BE Belgium 

BF Burkina Fax* 

BC Bulgaria 

BJ Benin 

BR Brazil 

CA Canada 

CP Central African Republic 

CG Congo 

CH Switzerland 

O C6ted*l voire 

CM Cameroon 

CS Crcvhostovalu 

DE* Germany 

DK Denmark 



ES Spam 

Fl Finland 

FR France 

CA Gabon 

CB United Kingdom 

CH Guinea 

CR Greece 

HU Hungary 

IT Italy 

JP Japan 

KP Democratic People's Republic 

of Korea 

KR Republic of Korea 

U Liechtenstein 

LK Sri Lanka 

LU Luiembourg 

MC Monaco 



MC 


Madagascar 


ML 


Mali 


MN 


Mongolia 


MR 


Mauriunla 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway 


PL 


Poland 


RO 


Romania 


SD 


Sudan 


SE 


Sweden 


SN 


Senegal 


su* 


Soviet Union 


TD 


Chad 


TC 


Togo 


US 


United States of America 



+ Anv destination of "SIT has effect in the Russian Federation. It is not yet known whether 
any s »c\ det^on hi effect in other States of the former Sov,et Union. 



I UL DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET) 



| Category 



Citation of Document, with indication, where appropriate, of tht relevant passages 



Rtf evant to Gain No. 



EP,A,0 237 362 (CETUS, CORP) 16 September 1987 
cited In the application 



see page 43, line 2 - line 6 



5,7,10, 

11.13, 
15,16, 
18,19, 
26-29 



1. CLASSIFICATION OP SUBJECT MATTER (If several dasslficirJon symbols apply, Mkato all)' 



According to internationai Patent Oassfflcation (IPC) or to both National Classification ana IPC 

Int. CI. 5 C12Q1/68 



0. FIELDS SEARCHED 



Minimus Documentation Senrchee 7 



Churffintfrn System 



CUxslficatfbD Symbols 



Int. CI. 5 



C12Q 



Docnmestation Searthee other thin Minimum Documentation 
to tht Ext«st that sveh Documents are Indoeee' ift the FJelss Searched* 




WO, A, 8 911 547 (CETUS CORP) 30 November 1989 
see claim 1 

IMMUNOGENETICS 

vol. 30, September 1989, NEW YORK US 
pages 208 - 213; 

L. FUGGER ET AL : 'Typing for HLA-DPB1*03 and 
HLA-DPB1*06 using allele-spedflc DNA 1n vitro 
amplification and allele-spedflc 
oligonucleotide probes. Detection of 'new 1 
DPB1*06 variants' 
see the whole document 

W0,A,8 904^875 (CETUS CORP) 1 June 1989 



see page 44, line 14 - line 19 



1,2 



3,6,7, 
10,11, 
13,24, 
28,29 



* Special categories of dtee <ocnm«ts : 10 

*A* document defiiiing the general state of tht art which Is not 

considered to he of partiauar relevance 
•X* earlier document hot published on or sftcr the International 

filing date 

If document which say throw doubts oo priority daises) or 
which Is dted to estahUsh the pubiicatioa date of another 
citation or other special reason (as specified) 

-O* document r*r«rring to an oral disclosure, use, exhibition or 



*T* later eocament published after the International filing date 
or priority date andnot in conflict with the tooUationhut 
dted to understand the prindpie or theory nirferlying the 



*P* document publishes: prior to the Internationai filing fate hot 
later than the priority date claimed 



-X' document of particular relevance; the claimed linreation 
cannot he considered novel or cannot ho considered to 
involve an inventive step 

*Y* document of particnlar relevance; the claimed Invention 
cannot he considered to Involve an inventive step when toe 
document is combined wit* one or owe othersoch doc*^ 
nttets, such cotahiaation being obvious to a person s 
to the art. 

*k m document member of the sane patent family 




ANNEX TO THE INTERNATIONAL SEARCH REPORT 
ON INTERNATIONAL PATENT APPLICATION NO. US 9109294 

SA 55499 



This annex lists the patent family members relating to the patent documents cited in the above-mcotioDed international seven report. 

B> ™^™ * re ** c,K,t " Ded » «** European Patent Office EDP file on 
The European Patent Office k in no way liable for these partioiiari which are merely given for the purpose of information. 07/04/92 



Patent document 
cited a search report 



Publication 



Patent famdy 



Publication 
date 



WO-A-8911547 



W0-A-8904875 
EP-A-0237362 



30-11-89 



01-06-89 
16-09-87 



AU-A- 


3690889 


12-12-89 


EP-A- 


0417160 


20-03-91 


JP-T- 


3504325 


26-09-91 


EP-A- 


0439458 


07-08-91 


AU-B- 


594130 


01-03-90 


AU-A- 


6996287 


17-09-87 


EP-A- 


0459532 


04-12-91 


EP-A- 


0459533 


04-12-91 


JP-A- 


62214355 


21-09-87 



For more feuils about this aeoex : see Official Joins! of the Europe** Psteat Office, No. 12/82 



1 



Methods and Reagents for HLA DRbeta DNA Typing 

Crpss-Rgferpngg \q R elated Applications 
This application is a continuation-in-part of copending Serial N6. 623,098, filed 
December 6, 1990, which is a continuation-in-part of copending Serial No. 491,210* 
5 filed August 15,1989, which is a continuation of now abandoned Serial No. 899,344, 
filed August 22, 1986, which is a continuation-in-part of now abandoned Serial No. 
839,331, filed March 13, 1986, each of which is incorporated herein by reference. 

Background of the Invention 

Field of the Invention 

10 The present invention provides methods and reagents for DNA typing HLA 

DRbeta (DRB) nucleic acids. The invention enables one to type homozygous or 
heterozygous samples from a variety of sources, including samples comprising RNA or 
cDNA templates, and to detect allelic variants not distinguishable by present 
serological; cellular, or biochemical methods. The present typing system facilitates 

15 typing tissue for transplantation, determining individual identity, and identifying 

disease susceptible individuals. The invention therefore has applications in the field of 
medicine generally and medical research and diagnostics specifically, the field of 
forensic science, and the field of molecular biology. 

Description of Related Art 

20 The HLA Class II proteins HLA DR, HLA DQ, and HLA DP are encoded by 

genes in the major histocompatibility complex (MHC) region on the short arm of 
human chromosome 6* The Class II proteins are heterodimeric glycoproteins 
consisting of an approximately 34 kD alpha chain and an approximately 29 kD beta 
chain. The Class II proteins are expressed on the cell surface of macrophages, B-cells, 

25 activated T-cells, and other cell types and are involved in binding and presenting 
antigen to helper T-lymphocytes. See the article entitled "Structure, function, and 
genetics of the Human Class II molecules'* by Giles and Capra, 1985, Adv. Immunol . 
22:1. In addition, the Class II proteins influence specific immune responsiveness by 
detenraning the repertoire of expressed TK^ll recept^ For 

30 a general review of the HLA Class II genes and proteins, see the article entitled 

"Structure, sequence and polymorphism in the HLA D region" by Trowsdale fit aL 
1985. ImmunoL Rev. 85:5. 

The Class II alpha and beta chains are encoded by separate genes, and the DP, 
DQ, and, DR genes are located in separate regions, of the MHC In the DR region, a 

35 single DRA locus, or gene, encodes the non-polymorphic DRalpha chain, but five 
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different DRB loci* tenned DRB1, DRB2 (now known as DRB6), DRB3, 
^Lsdethe poi^orphicDRbe.acnau, Sometoci are presentonty oncers 

ex^DRBgenesalsovariesbetweehhaploWS. Seetheamcleenutled ULA 

ofDQbe»ge»esiscG^t"byBol^ _ 

^t^ofdisti»ct D m^ 
1989rep«n™.he™ONo^ 

iden.iM34distinc.DRBl alleles; thesealWes are thought to express tta 
10 miificiuesDRI»DRwl8. (seeu.arnclee^Ued^c^forfW.rsof 
tefflAsysumWSrbytheWHONorn^latareConur.^ 1QQnmvirt 

fl^nXofbRBlalldesn^^ 
^cTLreforfact^ 

Tnepresentin^uonprcvid^ 

Tie alkies of the DRB2 locus (now termed the DRB6 locus), wn.cn p 

onDRl,DI*a„amw«^ 

elided "Analysis of isotypic and allotypic sequence «muon » the ^ DRB repon 

soecificityDRw52 (DRw52a,DRw52b. andDRw52c), are present on the DR3> 
D^f«wll,DRwl2;DRwl3;DRwl4, D Rwl7.a«dDRwl8^ 

specific*yUbpr^ 
eS«c^ 

anosenob^r^n.uluparouswbn«*toa™c^ 

developed 



These cellular-based analyses define the Dw specificities that further subdivide 
many of the serologically defined antigens, e.g., the five Dw subtypes of DR4. See the 
article entitled "Sequence polymorphism of HLA DRbeta I alleles relating to T cell 
recognized determinants" by Cairns fit at, 1985, Nature 317 : 166- Both the serological 
5 and cellular assay procedures, however, are difficult arid time-consuming. HLA DR 
DNA typing protocols based on restriction fragment length polymorphisms (RFLP) 
have also been developed See U.S. Patent No. 4,582*788, incorporated herein by 
reference. However, these RFLP-based analyses require large amounts of high 
molecular weight DNA, are labor intensive, and the limited number of informative 
10 restriction enzymes in turn limits the results obtained 

Hie advent of the polymerase chain reaction (PCR) has facilitated the analysis 
and manipulation of complex genomic DNA. The PCR process enables one to amplify 
a specific sequence of nucleic acid starting from a very complex mixture of nucleic 
acids and is more fully described in U.S. Patent Nos; 4,683,195; 4,683^202; 
15 4,889,818; and 4,965,188, and European Patent Publication Nos. 237,362 and 
258,017, each of which is incorporated herein by reference. 

The PCR process has also facilitated typing the Class II HLA DNA of an 
individual. Scientists have studied the polymorphic second exori of DRB loci in 
genomic DNA by designing oligonucleotide primers and using those primers to amplify 
20 the sequences of interest See the article entitled "Sequence analysis of the HLA DRB 
and HLA DQB loci from three Pemphigus vulgaris patients" by Scharf £t al, 1988, 
Hum. ImmunoL 22:6 L a < : 

When the PCR primers contain restriction enzyme recognition sequences, the 
amplified DNA can be cloned directly into sequencing vectors, and the nucleotide 

25 sequence of the amplification product can be readily determined See the article entitled 
"Direct cloning and sequence analysis of enzymatically amplified genomic sequences" 
by Scharf&al, 1986. Hum. ImmunoL 233:1076. 

The amplified DNA can also be studied by detection methods that employ 
sequence-specific oligonucleotide (SSO) probes. See the article entitled "Analysis of 

30 enzymatically amplified beta-globin and HLA DQalpha DNA with allele-specific 
oligonucleotide probes" by Saiki fit al, 1986, Nature 324: 163. 

Despite these advances, the complexity of the HLA DRbeta genes has prevented 
the development of an informative and efficient means for determining the HLA DRbeta 
DNA type of an individual. The present invention meets the need for an efficient, 

35 informative DRbeta DNA typing method by providing novel processes and reagents. 
These novel processes and reagents have in turn led to the discovery of previously 
unknown DRbeta alleles, which can also be typed and identified by the present method. 
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Thepresent typing system can be used to type cDNA synthesized 
and to type L study the expression of DRB genes in tissues, transgentc *~m. 

when the DNA sample is degraded or when only very small quandt.es are available for 

10 ^J*™™»^^<>^* ss * m ^^" 

taseradish peroxidase (HRP) provide sufficiem sensitivity for detecdon. ™« 

^ofLspecifMyb^ 
Cmpledot-McX^tbyehn^enicdye^^^ 

matter of minutes. 

SlirmP" # Invention 
TtepresentinventionprovidesampUM 
and allele or group specific amplification primers, nonisotopic sequence ^ eCI y^^_ 
ongonucleoudeCSSO) probe, ^J^*"^*^^. 

cannot be disttogoisbed by serological methods. 

In one aspect, the present invention provides a method for determnung the 
DRbetaD^of ' J*^toM^^.^.*!^.^r^ 

25 Xcleicacidarnpli^ 

^^amplified^ 
30 ^onssTthatsaidp^br^^ 

„Xidi^o»tos^Cb)and(d^ 
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and (b) hybridizing said nucleic acid amplified in step (a) to a panel of oligonucleotide 
probes under conditions such that said probes hybridize only to exactly complementary 
sequences greater than ten nucleotides in length, and wherein said probes hybridize to 
unique jk>lymorphic sequences encoding amino acid residues 9 to 16 of the DRB 1 
5 second exon. 

Prigf Description of tfrc Figures 

Figure 1 shows the results of DRB generic and DRB 1 specific amplification and 
detection; see Example 2. 

Figure 2 shows the results of DRB 1 specific amplification and detection; see 
10 Example 2. - 

Figure 3 shows the results of HLA DRB DNA typing of the classical 
serological types DR1 through DR10; see Example 3. 

Figure 4 shows the results of HLA DRB DNA typing to subtype cell lines with 
the DR4 serological specificity; see Example 5. 
15 Figure 5 shows the results of HLA DRB DNA typing to subtype the DR3, 

DR5, DRw6, and DRw8 specificities; see Example 6. 

Figure 6 shows the tabulation of probe hybridization results to determine DRB 
type; see Example 6. 

Figure 7 shows the results of HLA DRBDNA typing of a number of different 
20 cell lines; see Examples 6 and 7. 

Figure 8 shows the HLA DRB DNA subtyping ofPR3 cell lines; see 
Example 7. 

Figure 9 shows the tabulation of probe hybridization results to determine the 
HLA DRB DNA type of heterozygous and other unusual samples; see Example 7. 
25 Figure 10 shows the tabulation of probe hybridization results to determine the 

HLA DRB DNA type; see Example 9. 

Figure 11, 12, and 13 show the tabulation of probe hybridization results to 
determine DRB allele type; see Example 9. 

Detailed Description of the Invention 

30 The present invention provides an HLA DRB typing system and sequence 

specific oligonucleotide probes (SSOs) for analyzing DRB alleles. The invention can 
be used to type heterozygous samples from a variety of sources, including cDNA 
templates, and can be used to detect allelic variants not distinguishable by serological 
methods. This typing system can utilize a dot-blot format that is simple and rapid to 

35 perform, produces detectable signals in minutes, and will prove valuable for tissue 
typing and determining individual identity and disease susceptibility. 
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1989 WHO Nomenclature Committee report listed 34 DRB1 alleles, mi ^ 

^astaL mdisain«nationpo«*i» turn leads. otheapphcanonsofthe 
invention in the field of forensic science. u . „, ^^lifvverv 
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30 centndmlemtteimmnnologic^ 

35 ^^c^^of^ 



7 



determinants: The role of linkage disequuibrium and of specific DR and other Class II 
determinants" by Pollack el 1983,1. CJin/lnfflmooJ. 1:341. Disease suscepubmty 
studies have shown that single nucleotide differences in the DRB alleles can be 
medically significant See the articles entided "Specific HLA-DQB and HLA-DRB1 
5 alleles confer susceptibility to Pemphigus jalgaris" by Scharf ej al, 1989, Bsc, Eatf, 
Ajad, Sfii. USAfifi:6215; and "Identification of HLA-Dwl4 genes in DR4+ 
Rlieuniatoid Arthritis M byNepomeial M 1986, Lanssjpage 1002. 

In addition to the above benefits, the present invention also provides methods 
for identifying previously unknown DR alleles, and related timers, probes, and 
10 methods for the identification of any DRB allele. Unusual patterns of SSO probe 

hybridization using this typing system identify new alleles, as exemplified by the DNA 
typing of the "Begun" cell line (see Example 7). This cell line showed an unusual 
pattern of probe hybridization at the DRB1 locus, revealing a previously unreported 
sequence, now designated pRB l *1103 (SEQ ID NO: 27). 
15 In similar fashion, analy sis by the present method of the DRB1 alleles in a 

patient with Lyme disease revealed a new pattern of probe hybridization. DRB1 allele 
sequences were cloned from genomic DNA of the patient and sequenced. The 
sequence of one DRB 1 allele of the patient is different from any previously reported 
DRB1 allele and was originally designated as DRLY10' (also DRB1*LY10). The 
20 other allele in the patient was DRB 1 *0402. The DRlY 10' allele has regions of 
sequences similar to DRB1*0801, *0802, *0803, and *1201 at the 5'-end and to 
*1401 at the 3'-end. The present invention provides probes for distinguishing the 
DRLYIO' allele from other DRB alleles. TheDR'LYlO' allele is now designated as 
DRB 1*1404 (SEQ ID NO: 40). 
25 Other newly discovered alleles of the DRB1 locus are DRBl*1305 (SEQ ID 

NO: 36), originally designated as DR'PEV, DRB1*1303 (SEQ ID NO: 34), and 
DRB1*1105 (SEQ ID NO: 29), originally designated as DRB1*BU0S. Each was 
discovered when analysis by the methods of the present invention revealed a new 
pattern of probe hybridization. Subsequent sequence analysis of each allele revealed 
30 the sequence variation causing the novel hybridization pattern. The present invention 
provides primers and probes for distinguishing the newly discovered alleles from other 
DRB alleles. 

The present invention also provides kits for making practice of the present DRB 
typing method more convenient One type of kit includes both amplification and typing 
35 reagents. Another kit contains only one or more DRB probes of the invention. In 
either kit the probes can be labeled or unlabeled or attached to a solid support. The 
primers, if present in the kit, can also be labeled to facilitate detection, i.e., to bind a 
signal development reagent or for immobilization. The kits can also contain reagents 
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that facilitate detection of probe hybridization, Le., the chromogenic substrate TMB and 
streptavidin*linked horseradish peroxidase. In brief, the reagents useful in practicing 
the present method can be packaged in any configuration that promotes utilization of the 
invention. 

5 The nucleotide sequence of the second exon of each allele along with the 

encoded amino acid sequence are provided in the Sequence listing section. Table 1 
and 2, below, presents equivalent nucleotide sequence information for the alleles in the 
1989 allele set, but in a manner which facilitates comparison. Table 1 also shows the 
nucleic add sequence and the encoded amino acid sequence in both three and one letter 
10 codes for allele DRB*010L Similarly, Table 3 presents equivalent amino acid 
sequence information, but using one letter amino acid codes. The sequence 
identification number of each allele is shown below. All alleles with the exception of 
DRB1*1503/DRB^ 

Nomenclature Committee report, sum (1990 allele set). For the sequence of 
15 DBR1*1503, see also Demopolos & ak 1991, Human Immunology 30:41-44. 

The nucleotide sequences of alleles which do not appear in Tables 1, 2, and 3 
are provided in Table 9 below in addition to the Sequence Listing section. 





Allele 


SEOIDNO: 


Allple 


SEOIDNO: 


20 


DRB1*0101: 


SEQIDNOrl 


DRB1*1201: 


SEQIDNO: 30 




DRB1*0102: 


SEQIDNO:2 


DRB1*1202: 


SEQIDNO: 31 




DRB1*0103: 


SEQIDNO:3 


DRB1*1301: 


SEQIDNO: 32 




DRB1*0301: 


SEQH)NO:4 


DRB1*1302: 


SEQIDNO: 33 




DRB1*0302: 


SEQIDNO:5 


DRB1*1303: 


SEQIDNO: 34 


25 


DRB1*0303: 


SEQIDNO:6 


DRB1*1304: 


SEQIDNO: 35 




' DRB1*0401: 


SEQIDNO:7 


DRB1*1305: 


SEQIDNO: 36 




DRB1*04Q2: 


SEQIDN0:8 


DRB1*1401: 


SEQIDNO: 37 




DRB1*0403: 


SEQIDNO:9 


DRB1*1402: 


SEQIDNO: 38 




DRB1*0404: 


SEQIDNO: 10 


DRB1*1403: 


SEQIDNO: 39 


30 


DRB1*0405: 


SEQIDNCfcll 


DRB1*1404: 


SEQIDNO: 40 




DRB1*0406: 


SEQIDNO: 12 


DRB1*1405: 


SEQIDNO: 41 




PRB1*0407: 


SEQIDNO: 13 


DRB1*1501: 


SEQBDNQ42 




DRB1*0408: 


SEQIDNO: 14 


DRB1*1502: 


SEQIDNO: 43 




DRB1*0409: 


SEQIDNO: 15 


DRB1*1503: 


SEQIDNO: 44 


35 


DRB1*0410: 


SEQIDNO: 16 


DRB1*1601: 


SEQIDNO: 45 




DRB1*0411: 


SEQIDNO: 17 


DRB1*1602: 


SEQIDNO: 46 




DRB1*0701: 


SEQIDNO: 18 


DRB2*0101: 


SEQIDNO: 47 




DRB1*0801: 


SEQIDNO: 19 


DRB3*0101: 


SEQIDNO: 48 
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DRB1*08Q2: 


SEQ ID NO: 20 


DRB3*0201: 


SEQ ID NO: 49 


DRB 1*0803: 


SEQ ID NO: 21 


DRB3*0202: 


SEQ H> NO: 316 


DRB1*0804: 


SEQ ID NO: 22 


DRB3*0301: 


SEQ ID NO: 50 


DRB 1*0901: 


SEQ ID NO: 23 


DRB4*0101: 


SEQIDNO:51 


DRB1*1001: 


SEQ ID NO: 24 


DRB5*0101: 


SEQ ID NO: 52 


DRB1*1101: 


SEQ ID NO: 25 


DRB5*0102: 


SEQ ID NO: 53 


DRB1*1102: 


SEQ ID NO: 26 


DRB5*0201: 


SEQ ID NO: 54 


DRB1*1103: 


SEQ ID NO: 27 


DRB5*0202: 


SEQ ID NO: 55 


DRB1*1104: 


SEQ ID NO: 28 






DRB1*1105: 


SEQ ID NO: 29 







In Tables 1, 2, and 3, below, all sequences except the recently identified "PEV" 
and "LY10" alleles are listed in the 1989 WHO HLA nomenclature report, sum, and 
the DRB1*0101 nucleotide sequence serves as the consensus sequence. The inferred 
amino acid sequence for the consensus sequence is written in one and three letter code 
above the nucleotide sequence. Sequence homology is indicated by dashed lines, and 
letters indicate polymorphic bases. The designated SSO probes and primers written at 
the right end of the alignments in the tables are the same sense as, or complementary vo, 
the regions of sequences boxed. Where two names appear at the end of an alignment, 
the left-most name refers to the left-most box, the right-most name refers to the 
right-most box. The probe CRX12 hybridizes to the region shown in all DRB alleles. 

Table 1 , in three parts designated A, B, and C, shows the nucleotide sequence 
of 35 DRB 1; alleles corresponding to the DR specificities DR1 to DRwl8. 

Table 2 shows the nucleotide sequence alignments for the alleles of the DRB2, 
DRB3, DRB4; and DRB5 loci. The major regions of sequence polymorphism for the 
DRB 1 alleles are localized to amino acid positions 9-16, 25-34, 67-74, and 86; the 
remainder of the second cxon sequence is relatively invariant 

Table 3 shows the inferred amino acid sequence alignment encoded by the DRB 
alleles. Analysis of the ammo acid sequences reveals a complex but restricted pattern of 
polymorphism with particular polymorphic sequences found in several different alleles. 
However, some polymorphic sequences are unique for each allele. The DR1, DR2, 
DR4, DR7, DRw9, and DRw 10 alleles each have unique polymorphic sequences at the 
first hypervariable region (positions 9 to 16) of the DRB1 locus that can be used to 
determine the serological DR specificities by SSO typing. By contrast, the DR3, 
DRwl 1 , and DRw6 alleles share a polymorphic epitope, "YSTS," and cannot be 
distinguished by a probe for this region alone but can be distinguished by the 
polymorphisms at other positions in each allele. Similarly, DRw8 and DRwl 2 also 
cannot be distinguished in this region. 
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panelofpobes. shown in Table 4. The aMe specificities shown >n Table A 

rPCRprin^tohybridizeU.DEBgencsecoodexooseque^ 
^a^eofanyDRBlocns. Because of hybridization^ d m« ; 
ZoU= forpCymorphisms a.fosinon MO**. »-»-» 
of.heseco.rfexonwhen.heproduaofan*!^ 

GH50. 

forposuion86polymoq»his ro sisDRB151(SEQn>NO : 227). 
5'-CCQAATTCGCCGCraCACIOTOAAGCr-3'. 

Table 4 

HABBfi 





Prote 


flFOTDNO: 


Epitope 




CRX60 


SEQ ID NO: 79 


"W-L-F 




GH105 


SEQIDNO:91 


"Q-D-Y" 




GH104 


SEQIDNO:90 


"W-P-R" 


20 


GH59 
CRX06 


SEQIDNO:87 
SEQ ID NO: 61 


"V-H" 
"I-DE" 




GH122 


SEQ ID NO: 93 


"E" 


25 


GRX23 
CRX35 


SEQ ID NO: 66 
SEQ ID NO: 71 


-A-H" 
"F-DR" 




CRX49 
GH102 


SEQ ID NO: 74 
SEQ ID NO: 89 


"G-YK" 
"YSTG" 


30 


GH111 


SEQ ID NO: 92 


"K-D-F 




CRX34 
CRX04 


SEQ ID NO: 70 
SEQ ID NO: 60 


"EV" 
"R" 


35 


GH56 


SEQ ID NO: 86 


-YSTS" 



GRX68 
CRX12 



SEQ ID NO: 84 
SEQ ID NO: 63 



"F-DE" 
DRB "ALL" 



0101. 0102. 0103 
DRBS 

1501, 1502, 1601. 1602 

0401-0408 
0103,0402,1102, 

1301, 1302 

1101.1102,1103.1104 

1401.DR"LY10" 
1601.1101,1104. 
DR'TEV, 0801, 0802 

0701, 0702 

0801,0802,0803, 1201, 
DRT-Y10M404 

0901 
1001 

0101.0102, 0403,0404, 
0405,0406,0407,0408, 

1402 

0301.0302,1101-1104. 
1301-1303. 1401. 1402. 
DR TEV" 
1103 

All HLA-DRB alleles 



0.4X.42 
0.1X.42 
0.2X.42 
0.2X, 42.20' 
0.1X, 42 

0.2X.42 

0.1X.42 
0.2X.42 



1.0X.42 
0.1X.42 

0.4X.42 

0.4X.42 
0.1X.42 

0.2X.42 

0.2X, 42 
0.2X.42 
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The probes shown in Table 4 are hybridized and then washed for 1 5 minutes at 42°C, 
except for GH59, which is washed for 20 minutes at 42°C. All SSPE wash solutions 
contain 0. 1 % SDS. Each probe is conjugated to HRP at the 5-end. 

This PCR/SSO DRbeta typing system is useful for M subtyping M the 
5 serologically defined PR haplotypes. For example, the cell line "KOSE" is 
' homozygous for DRw6 when typed serologically; however, PCR/SSO DRbeta typing 
reveals that "KOSE" has two different DRw6 alleles, DRB1*1302 and DRB1*1401. 

Samples that may be DR3 or DRw6 can be distinguished by amplifying with the 
DRB 1 specific primers GH46 and CRX37 and analyzing the amplification products 
10 with the probes GH125 and CRX50 from the second panel of probes, shown in 

Table 5. The allele specificities shown in Table 5 are with respect to the 1989 allele set. 

Second Panel of HLA DRB Tvpinp SSO Probes 

HLADRB 



1 c 

1ji 


Probe 


SEQIDNO; 




Alleles (DRBm 


Wash fSSPE. 




GH125» 


SEQIDNO: 94 




0301 


0.2X.50 




CRX50* 


SEQIDNO: 75 


"K-GR" 


030U0302 


0.2X.50 




CRX53* 


SEQIDNO: 76 


"K" 


0401 


0.5X, 55 




CRX15» 


SEQIDNO: 64 


"R-E" 


0403V 0406, 0407 


0.4X.55 


20 


CRX62 


SEQIDNO: 81 


"I-DK" 


1303 


0.2X, 42 




CRX63 


SEQIDNO: 82 


"I-DR" 


0803,1201 


0.2X.42 




CRX61 


SEQIDNO: 80 


"S" 


0405, 1303,0801.0803 


0.1X, 42 




GH54» 


SEQIDNO: 85 


"V-S" 


0701, 0901, 1201 


0.2X.42 


25 


CRX56* 


SEQIDNO: 86 


"G" 


0101,0103,0302,0401, 
0405,0407, 0408, 1101. 
1302, 1303, 0701, 0901^ 
1001, 1402, DR TEV", 
0801,6802,0803, 1502, 

1601,1602 


0.2X, 42 


30 


CRX57* 


SEQIDNO: 78 


ityit ■ 


0301,0402,0403,0404, 
0406, 1102, 1103, 
1104, 1301, DR "LY10," 

1401,1501 


0.1X.42 




CRX12 


SEQ ID NO: 63 


DRB "ALL" All HLA DRB alleles 


0.2X.42 



35 



For the probes shown in Table 5, all SSPE wash solutions contain 0.1% SDS. In 
addition, probes marked "a" require DRB 1 specific amplificadon with primers 
GH46/CRX37. CRX15 is hybridized at 50°C instead of 42°C. Each probe is 
conjugated to HRP at the 5*-end. The probes CRX56 and CRX57 do not completely 
40 base-pair with the epitope "G" and epitope "V" alleles, respectively, because the probes 
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^ fc awwe»^^*"* ,l * , ' ,,,, * !,- *. r 

5 ^d«on of tteDRBl g««, which prin»«ffl nothybnd^ u> tt.eod»DRB 
^T^slK.ws.hent^ 
L aplo^fmm'helas.10^ 

fflrecdonrfex^sionofteprimer, Theas.erisksindk^seque^d.ff^es 
10 between the DRB1 and DRB3 intron sequences. The segments of the 3 

315 (DRB3); sequences upstream of the intron are in the aflele sequences. 

Table 6 

8S t „ , »™ aio *- Trrrnrmr-"^''"" 5 00137 

£ « £ £ S - SS^2==-"" 



15 AA Seq: 
DRB1 NT: 



DK>3 „• =« GIG' SAG AGC' ITS AC» GTS CAG CGG CGA GGTGACCATGTCGGGGSGCGG 

Baa ' SsaJtmu Ssaswa 



20 DRB1 
DRB3 



25 



30 



35 



Sp n- TP NO. >,WM ■ „ 

SEQIDN0:314 5'-GGTGAGCGCGGCXjCGGCGGGG 

SEQIDNO-.315 5- 

DR2 DR7,andDR9h»plotypes. T**^*«*M***^*r m ~'' 

^sucbthatth^ 

DRB1 alleles™, have dlvergedWe^^ 

exon from all DRhaplotypes. . BA „ K „ 
ThefflADRMalletecanbedistingu^^ 

a^lfttagwimfte generic andDRBl 

Duron, »1502, and *1602 and theDR4 subtypes DRB1*0403 and 
DRBlseq»encesf ro maUbuttheDR2,DR7.andDI»haplotypes. ™«P™« 

JuWnden,DiabeucI„™^ 



19 

The present invention provides a number of allele specific and group specific 
primers in addition to the DRB 1 specific primer pair GH46/CRX37. These primers are 
shown below. For the sequence of AB60, see Todd ei al., 1987, Nature 329:599. 
AB54 SEQ ID NO: 56 S'^jG^ATGCrGGAGCAGGTrAAACA-S' 
5 AB60 SEQ ID NO: 57 S'-C^AATTCCXjCTXjCACTGTGAAGCTCTC-S' 
AB82 SEQ ID NO: 58 5'-GGGGATCCTCGAGTACTCTACGTC-3' 
AB83 SEQ ID NO: 59 5 , -GGGGATCCTGTGGCAGCCTAAGAGG-3 , 

For example, DR4 specific amplification can be achieved with PCR primer pair 
AB54/AB60 (PCR profile: 35 cycles of: ramp to 94 0 Q 30 seconds denaturing at 94°C; 
10 30 seconds annealing and extending at 65°C). DR3, DR5, and DR6 group specific 

amplification can be achieved with PCR primer pair AB82/AB60 (35 cycles of: ramp to 
96°C; 30 seconds denaturing at 96°C; 30 seconds annealing and extending at 65°C). 
DR2 specific amplification can be achieved with PCR primer pair AB83/AB60 (35 
cycles of: ramp to 96°C; 30 seconds denaturing at 96°C; 30 seconds annealing and 
15 extending at 70°G)i 

Specific alleles can be detected after group specific amplification with the 
epitope specific probes described herein; for instance, DRB1 *1601 can be detected after 
DR2 specific amplification with the AB83/AB60 primer pair with an "F-DR" epitope 
specific probe; 

20 Detection of alleles of the DR2 haplotype can be difficult, but such difficulty can 

be overcome by the group specific primers and the typing methods of the present 
invention. In the generic primer amplification of DRB alleles from DR2 haplotypes, 
both the DRB 1 and DRB5 loci are amplified. Although one could use an "F" (at 
position 47) epitope specific DNA probe to determine the serologic DRwl5 and 

25 DRwlo* subtypes, "F* occurs also in 0301, some DRwl3 alleles, and in all DRwll 
and DRwl2 alleles; other methods can provide more complete discrimination. Thus, a 
group specific primer designed to hybridize to the sequence encoding the epitope "I-A" 
will amplify the DRB1*1501 and DRB 1*1502 alleles, and the amplified product will 
hybridize with a "WPR" epitope specific DNA probe. The primer DRB 150 (SEQ ID 

30 NO: 226) (5 , -TGTCX^^CCGCGGCCGGCGCCT-3 , ) is a primer designed to perform 
such an allele specific amplification (with GH46). The DRB5*0201 and DRB5*0202 
alleles will also amplify with a group (or epitope) specific "I-A" primer, but as these 
alleles occur only with the DRB*1601 and DRB1*1602 alleles, the result of probe 
hybridization will be epitope "QDY" positive and "WPR" negative. 

35 In addition, one should note that because the DRB 1 specific primers 

exemplified herein do not amplify DR2 alleles, the DR2 specific amplification described 
above can be carried out in the same reaction tube and at the same time as the DRB 1 
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spedfic^B&adon. oto^M^****'"'* 1 "*'***. 

n.ahodsaedescritedtofteEan.ples. _ . B.jrttoArd« 

Theexiei^ealleKc.Kveis^M'h'HLADRBloci.liiceira. 

differentaueles. 

ehteconnoo. ancestry, g^c^veBTon. or coovcrgo.evol.aoo. ^pnrpo* _of 

,0 ^aHeiescan^be^ 
identiWbyauniauepaae^ 

TheseqoeiKS-specifcoH^^^ 

■15 polymorphisms. Tto»0iof«tota^^te«^^»^""^ 
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25 



30 



^pref^em^ 

u -^««c nfnNA of each allele boxed in Tables l ana 
sequence complementary to, the regions of DMA or eacnau 

raodcaohybritouniq^yu.fl.cDR! allele. The probe GRX49«spcc I fic forte 

apparent upon consideration of Ihe Tables. - 

While a single probe (U.. OH56) can be usedto »*DB3 DRwU, 

betwee.DRS.DRwll.a^DRwo. ^OBm^^J 

MT . „ t>lA "yct**" and "E" epitopes (codons 10 to li ana jo; w" 

hvbridizes to DNA encoding the YJ>1J> ana n *f ±~ _ 

^^^^^^^^^ m .n and 

notDRBl*1303,whichhastheepitopel~DK butisstwi^ ; 

DR3 * . • f^ccn«mhe«hovramTable4osedtodetenninethe 

The combinations of the SSO probes snown m 

majority of the serological t>R types are shown in Table 7. 
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Tabic 7 

Combinations of SSO Probes to Determine Serological PR Types 



PR Type 
PR1 Pwl 
DR1 Pw "BON" 
DR2 

DR4Dw4 

DR4DwlO 

DR4Pwl3,14, 15 

DR3, wll, w6 

PRwll.l 

DRwll.2 

DRwl2, PRw8.3 

DRwl3 (1301, 1302) 

PRwl4Pwl6 

DRwl4Pw9 

DR7 

PRw8.1, w 8.2 

DR9 

DRwlO 

PRwl2,allDRw8 



ProbefsV 
CRX60 + CRX04 
CRX60 + CRX06 
GH105 

GH59 + CRX53 
GH59 + CRX06 
GH59 + CRX04 
GH56 

GH56 + GH122+ CRX35 
GH56 + GH122 + CRX06 
GH102 + CRX63 
GH56 + CRX06 
GH56 + CRX04 
GH56 + CRX23 
CR^C49 

GH102 + CRX35 

GH111 ... 

CRX34 

GH102 



Further subdivision of the PR serotypes (Table 4) requires the use of probes 
shown in Table 5, as shown in Table 8, below. 
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10 



LED 

0101 CRX60 + CRX04 + CRX56 

0102 CRX60 + CRX04 

0103 CRX60+ CRX06 + CRX56 
DR2 GH105 

0301 GH56 + GH125 + CRX50 + CRX57 

0302 GH56 + CRX50 + CRX56 

0401 GH59 + CRX53 + CRX56 

0402 GH59 + CRX06* GRX57 



Distinguish^ ADRBl ABe lesIlSSiiSQ 



15 



1103 
1104 
1201 
1301 
1302 
1303 
1401 
1402 



0403.W06GH59 + CRX15>CRX57 + CRX()4 DR"PEV" 



0404 
0405 

0407 
0408 



GH59 + CRX04 + CRX57 0701 

GH59 + CRX04 + CRX61 + CRX56 0801 

GH59 + CRX15 + CRX56 + CRX04 0802 

GH59 + CRX04 + CRX56 0803 



GH122 + GH56 + CRX57 + CRX68 

GH122 + GH56 + CRX35 + CRX57 

GH102 + GH54 + CRX63 

GH56+CRX06 + CRX57 

GH56 + CRX06 + CRX56 

GH56 + CRX62 + CRX61 + CRX56 

GH56 + CRX23 + CRX57 

GH56 + CRX04 + CRX56 

GH56 + CRX35 + CRX56 

CRX49 + GH54 + CRX56 
GH102 + CRX61 + CRX35 

+ CRX56 

GH102 + CRX35 + CRX56 
GH102 + CRX61 + CRX63 

+ CRX56 

GH111 + GH54 + CRX56 
CRX34 +CRX56 



1101 GH122 + GH56 + CRX35 + CRX56 0901 

Thchors^pe^^^SSOsof 
SSOs,- aBowd^on methods that employ clm^enfc or chen»l^«^ 

^lareeasymuse^p^^^ 
os ^^W^Osa^^leforover^y^wiU.ou.detecublelossof 

25 minutes). IteMltfK. - ^-^^ued-NomsotopicallyUbeled probes and 

aerWty whenaoreda.4 ^^^^awjiWU* 

. mmms-by Levenson and Chang. 19B>.m p*nwi — — — — 

30 sensMvity.antariorumtb^ 

""•^ , , . »„ ct> /«n DRbeta tvpirig is the immobilized reverse 

recently developed alternative for PCR/SSO DRbeta typ 8 

dot-btotformat ^^^"^^^T^Z^L 
35 n^HU.edseo^.specmc^e.eoddepm^by 

Nad Acad Set IB4»« ^ c "* enaing ^ ^ ' r 1 Z 

^^trSrefe^ .ndds procedure, die SSO probes are applied and 
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fixed to the filter (rather than the amplified DNA applied and fixed to the filter), hence 
the tenn "reverse dot blot" 

The reverse dot blot procedure allows a single sample to be analyzed in a single 
hybridization with a membrane containing an array of immobilized probes. The 
conventional dot blot format is useful when the number of samples exceeds the number 
of probes used (e.g., patient versus control or population genetics studies). The 
reverse dot blot format is valuable for clinical, diagnostic, and forensic analyses. The 
reverse dot blot format is described in more detail in Example 8. 

The following examples show illustrative preferred embodiments of the present 
invention. The examples show that the present invention provides, in a preferred 
embodiment, a nonisotopic PCR/SSO system for HLA DRB typing that is simple, 
rapid, and capable of precise DRB typing for a variety of samples from different 
sources. 

Example 1 

Amplification and Detection Methods 

For typing samples with the first panel (Table 4) of probes, 0.5 u;g of human 
genomic DNA was amplified using reaction constituents as described in the article 
entitled "Primewiirected enzymatic amplification of DNA with a thermostable DNA 
polymerase," by Saiki e| al, 1988. Science 239 :487 and in Scharfeial., 1988, Hum . 
Immunol. 22:61, and Scharf et aL 1989. Proc. Natl . Acad . Sci. USA 86:6215; 
incorporated herein by reference. 

The HLA DRB generic PCR primers are GH46 and GH50. The sequences of 
these primers are shown below. 

GH46 SEQE>NO:67 5'-CCGGATCCTTCGTGTCCCGAGAGCAGX3 
GH50 SEQff) NO: 68 5-CTCC(XAACCCOjTAGTTGTGTCTGCA 
The primers were present in the reaction mixture at 500 nM. These primers produce a 
272 base-pair (bp) fragment and contain sequences for BamHI andPstl restriction sites 
for cloning the PCR product Digestion of the amplified DNA with BamH I and PstI 
produces a 248 bp product due to an internal Psil site. 

The DRB 1 alleles from all haplotypes (except DR2, DR7, and DR9) were 
specifically amplified by the PCR primers GH46 and CRX37. The sequence of the 
CRX37 primer is shown below. 

CRX37 SEQIDNO:73 S'-GAATTCCCGCGCCGCGCT 
Amplification with the GH46/CRX37 primer pair produces a 297 bp fragment. Primer 
CRX37 incorporates an EcoRI restriction endonuclease recognition sequence at the 5'- 
end to facilitate cloning and, in contrast to the primer pair GH46/GH50, amplification 



PCT/US91/09294 

WO 92/10589 

24 

^byttedideoxycha^^ 

24M67. filed September 23, 1988, and incorporated heron by reference). 

cloning (seeHornsH. M * ^^o^A 

15 (du Pont ed.,Springer-Verlag, New York) and Scharf «*. 1989,P^.tM.*» 
c^M UkLrpora^byrf^^^ 

T^don^diversiryofDRandDQsubregion aDe.es" kkpUB.OA 
?n Samples were amplified tor 5Z cycies , „ _ f 

Taq polymerase (PEO, Norwalk, CD were added per 100 
described (see Kawasaki, 1989, "Amplrficaoon of RNA mB2Uaffl2L_- 
^ n ^wer^d^lOOMlofM g h g r^ 

^ Aftff Ae last cycle, the PECI Thermal uycier 

(PerkinElnKrCetusInsmiments,Norwalk 4 CT)was . r 

„i e <*72<»Cforl0mfoutestoen^^^^ Care 
samples at 72 C for luminuies . ftf<5amoles . one must particularly guard 

35 should be taken to avoid cross-contamination of samples, onem f 

»uuui« M pn> tnrontaminate an unampufied sample. u.a. 
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application filed November 2, 1990, both incorporated herein by reference, describe 
preferred methods to prevent amplification of PCR product that has been "carried over" 
to an unamplified sample. 

After amplification, a small portion of the amplified DNA was denatured and 
5 applied to and crosslinked to a series of nylon filters; each filter was then hybridized to 
one of the labelled probes. Each SSO probe was covalently conjugated to horseradish 
peroxidase (HRP) and provides a means of nonisotopic detection in the presence of a 
chromogenic or chemiluminescent substrate. The nucleotide sequence, the encoded 
amino acids (or potential epitope), and the identified DR type, as well as the wash 

10 conditions for each probe are listed in Tables 4 and 5/ 

Thus, 5 pi of each amplified DNA sample were mixed with 100 jtl of a mixture 
composed of 0.4 M NaOH and 25 mM EDTA, and the resulting mixture applied to 
BioDyne B nylon filters (Pall Corp., Glen Cove, NY) using a dot-blot manifold (Bio 
Rad, Richmond, CA). The filters, still in the dot-blot manifold, were rinsed with a 

15 mixture of 10 mMTris-HCl and 0.1 mMEDTA, at pH 8-6, and dried on Whatman 
3MM paper. The DNA was immobilized on the nylon filter by ultraviolet irradiation at 
a flux of 55 mJ/cm2 with a Stratalinker™ (Stratagene, La Jolla, CA) UV light box. 

Unless otherwise noted, all filters were hybridized in 2X SSPE (saline sodium 
phosphate EDTA), 5X Denhardt's solution, and 0.5% SDS with 2 pmoles of HRP- 

20 SSO probe per ml of hybridization solution for 15 min. at 42°C. Horseradish 

peroxidase conjugated oligonucleotides were prepared as described by Levenson and 
Chang, 1989, in PCR Protocols: A Guide to Methods and Applications (Innis £t al„ 
eds. T Academic Press, Inc. San Diego) and Saiki & al., 1988, M Eng. J. Med . 
21£:537. Filters for each probe were washed in 25 ml of the SSPE solutions at the 

25 temperatures listed in Tables 4 and 5 for 15 minutes (unless noted otherwise). 

After washing, niters to be developed with a chromogenic dye substrate were 
rinsed in PBS at room temperature for 30 minutes, then placed ih 100 mM sodium 
citrate, pH 5.0, containing 0.1 mg/ml of 3,3^,5-teti^ethylbenzidine (TMB) per 
milliliter (Fluka) and 0.0015 percent hydrogen peroxide, and incubated with gentle 

30 agitation for 5 to 15 minutes at room temperature* Developed filters were rinsed in 
PBS and immediately photographed Filtqrs that were developed with the 
chemiluminescent detection system (ECL; Am^sham, Arlington Heights, IL) were 
rinsed in PBS for 5 minutes and placed in the ECL solution for 1 minute with gentle 
agitation. Filters were then exposed to X-ray film at room temperature for 1 to 5 

35 minutes. 
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pxample2 
nttBI Specifi c Amplification 

onDWD.ttlalfc.es.whereapr^^^^ 

DRwl 1 ad DRw6 alleles. However, iMs epitope is also encoded by the DRB3allele 

tapUMypesaswelL Because the PGR jtairtWSCWOi^r* of «.» 

10 loiaDRw6sampfethatwast^^ 

distinguish from a DR3 sample using this probe. . 

Thepresenttavenao"^ . 
-cfficaByamplifyc^theDMllocus. OneoftheseprimershybritoB.aKg.on 

to.heto.rcr.immediafclydown^ 
15 sequertces that distinguish theDRBl andDKBJlod. Thepnmer (CRX^) hybnto 
specifically to the DRB1 intra, sequences, and combining this primer with GH46 
Dermits DRB1 specific amplification for mosthaptotypes. 

To daermine if the DRB1 locus is the only locus amplified with ^V™™ 
DRBlspecificprimers,DR2,DR3.a^ 

DR3 hapk-ypehas aDRB3 locus. andtheDR^haplb^aDR^locus. Tne 

results are shown in Figure 1. 

aUappHedmfiltersasdes^ 

ImeD^sampi^ 
JoatstowMcheachpr^ 

the DRB4 locus of DR4, DR7, and DR9. Cie^brito to the DRB3 allele 

30 DRw52b. 

The sequence of the SSOs: 

CRX36 SEQIDNO:72 5'-CCCGCCTCCGCTCCA 

CRX22 SEQIDNO:65 S'-GAGCTGCTTAAGTCT 

isdescribedby Seharf flit, i9*.temA*&^W**»*»>« 
35 herein by reference. ProbeGH91 (SEQIDNO: 88, 

S -CTCCCGTTTATGGATGTAT) hybridizes specifically to the DRB2 locus. 



* me \*s 

27 



for 15 minutes at 42°C The samples amplified are: (1) No DNA (negative control); 
(2) DR2 HTC "SCHU"; (3) DR3 HTC "QBL"; and (4 ) DR4 HTC "BSM." After the 
hybridization and wash steps, the probes were detected by enhanced - 
chemiluminescence. . 

Figure 1 shows that all of the DRB loci for all three HTCs are amplified with 
the generic DRB primers, while Ae DRBl specific primers only amplify the DRB1 loci 
from the DR3 and DR4 HTCs. Literestingiy, for the DR2 HTC, the DRB2 locus is 
amplified, albeit weakly, with the DRB1 specific primers. The DRB1 specific primers 
amplify DRB1 sequences efficiendy from all DR haplorypes tested except DR2, DR7, 
and DR9, as shown in Figures 1 and 2. To generate the results shown in Figure 2, 
about 0.5 \ig of genomic DNA from HTCs was amplified for HLA DRB with the 
DRB 1 specific primers GH46/CRX37. Amplification reactions and filters were 
prepared as described in Example 1. Each filter strip was hybridized to one of the 
probes shown under the appropriate conditions of hybridization and wash stringency 
(see Tables 4, 5, and 7). After the hybridization and wash steps, filters were developed 
in thechromogenic substrate TMB. The samples are: (1) DR1 HTC "KAS9003"; (2) 
DR2 HTC "SCHU"; (3) DR3 HTC "QBL"; (4) DR4HTC "BSM"; (5) DR5 (DRwll) 
HTC-SPOOIO"; (6) DRw6 HTC "OMW"; (7) DR7 HTC'MOU"; (8) DRw8 HTC 
"SPACH"; (9) DR9 HTC "DKB"; and (10) DRwlO HTC "SHY". 

The results in Figure 2 indicate that the DR7 probe CRX49 ("G-YK") does 
hybridize to the weakly amplified DR7 HTC in this experiment. DRB 1 amplification of 
DR7 from heterozygous samples is typically weak. These results demonstrate that the 
generic and DRB1 specific primers can be used for complete DRB 1 typing. 

Example 3 

Typing for the Serological PR types 1 Through 10 
About 0.5 Hg of genomic DNA from HTCs was amplified for HLA DRB. All 
samples except for nos. 3 and 6 were amplified with the generic primers GH46/GH50. 
Sample nos. 3 and 6 were amplified with the DRB 1 specific primers GH46/CRX37. 
Amplification reactions and filters were prepared as described in Example 1. Each filter 
strip was hybridized to one of the probes shown under the appropriate conditions of 
hybridization and wash stringency (see Tables 4, 5, and 7). After probing and 
washing, filters were developed in the chromogenic substrate TMB. The samples are: 
(1) DR1 HTC "KAS9003"; (2) DR2 HTC "SCHU"; (3) DR3 HTC "QBL"; (4) DR4 
HTC "BSM"; (5) DR5 (DRwl 1) HTC "SPOOIO"; (6) DRw6 HTC "OMW"; (7) DR7 
HTC "MOU"; (8) DRw8 HTC "SPACH"; (9) DR9 HTC "DKB"; and (10) DRwlO 
HTC "SHY". 
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pxflmplgg 
SubtvpingDR4 

The subtyping of the DR4 specificity cannot be carried out serologically. The 
subtypes have been revealed by two dimensional protein gel electrophoresis and cellular 
5 typing; both methods are cumbersome and time-consuming. Dw4,DwlO,Dwl3,and 
Dwl4 differ from each other at positions 70 to 74 of the third hypervariable region of 
the gene. Dwl5 also has a serine ("S") at position 57. Dwl3also has the same 
arginine residue at position 71 as Dwl4 and Dwl5 but is distinguished by a glutamic 
acid ("E") as position 74. 

10 As a result, the SSO probe CRX04 ("R") probe hybridizes to the Dwl3, Dwl4, 

and Dwl5 alleles; these alleles have to be distinguished from each other by additional 
probes. The SSO probe CRX15 ("R-E") specifically distinguishes Dwl3 from Dwl4 
^ The ,, G" 
versus "V" polymorphism at position 86 that distinguishes various DRB 1 alleles (e.g M 

15 Dwl4.1 or DRB 1*0404 from Dwl4.2 or DRB1*0408) is detected using the CRX56 
probe ("G") and the CRX57 probe ("V") (see Table 5); 

HTCs with DR types 1 through 10 and the five DR4 Dw subtypes were 
amplified with the DRB 1 specific primers GH46/CRX37, applied to six identical nylon 
filters; and hybridized with HRP-SSO's specific for the Dw type. The results are 

20 shown in Figure 4. \ 

To generate the results shown in Figure 4, about 500 ng of HTC genomic DNA 
were amplified with the DRB 1 specific primers GH46/CRX37. Each pair of filters, A 
and B, were hybridized with the probes shown in Figure 4. The samples are: Row A: 
(1) No DNA control; (2) DR1 HTC n KAS9003"; (3) DR2 HTC "SCHU"; (4) DR3 

25 HTC "QBL"; (5) DR4 Dw4 HTC "BSM"; (6) DR4DwlQHTC "YAR"; (7) DR4 Dwl3 
HTC "JHA"; (8) DR4 Dwl4 HTC "BM92"; (?) DR4Dwl5 HTC "LKT3"; (10) DR5 
HTC "SPCOIO"; and (11) DRw6HTC "OMW"; Row B: (1) No DNA control; (2) 
DR7 HTC-MOU"; (3) DRw8 HTC "SPACH-; (4) DR9 HTC "DKB"; and (5) DRwlO 
HTC "SHY". 

30 After the hybridization and wash steps, the probes were detected by enhanced 

chcmiluminescence. Panel A shows that all but the DR2, DR7, and DRw9 HTCs 

hybridized to CRX12. 

Panel B shows that CRX53 hybridizes specifically to the Dw4 HTC BSM. An 

alternative probe for typing DR4 Dw4 is DRB 163 (SEQ ID NO: 239), using the 
35 hybridization and wash conditions given in Example 9. Another alternative probe for 

typing DR4 Dw4 that gives a much stronger signal at lower stringencies (2X SSPE, 5X 
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15 but do hybridize to CRX04 ("R"). Panel F shows hybridization of.CRX6l to tie 

samplesAatsharepoi^^ 
hybn^onto*etapahelofpr^ 

20 positive tor ine V" p^. DR4 DwlO can be distinguished from 
("V-H") and negative for CRXWtw-irf> n 
DRwl3bybefagpositiveforC3H59andnegativeforGH56rYSTS ). 

identical to DRB1*0403, except for * serine reddue at posmon 37, wherePRBlW 

discrimination. 

EsamBfefi 
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DR5) can be distinguished from each other and from the three DRw8 alleles by using a 
different combination of probes. 

DNA amplified with the DRB 1 specific PCR primers CRX37/GH46 from 
HTCs of the "general" serological DR types 1 through 10 along with HTCs of the 
5 DR3, DR5, DRw6, DRw8 subtypes, Was applied to 12 filters. Because the serological 
DR types of these samples were already known, only the probes necessary to determine 
the subtypes of these alleles were used to illustrate this aspect of the invention. The 
results are shown in Figure 5. 

To generate the results shown in Figure 5, about 500 rig of HTC genomic DNA 

10 were amplified with the DRB 1 specific primers GH467CRX37. Each pair of filters, A 
and B, was hybridized with the probes shown. The samples are: Row A: (l) No 
DNA control; (2) DR1 HTC M KAS9p03"; (3) DR2 HTC "SCHIT; (4) DRwl7 HTC 
"QBL"; (5)DRwl8HTC"RSH M ; (6) DR4 HTC "BSM"; (7) DRwl 1 HTC'SPOOIO"; 
(8) DRwl2 HTC "HERLUF"; (9)DRwl3/DRwl4 "KOSE"; (10) DRwl4 HTC 

15 "AMALA"; (11) DRwl3 HTC "SLE"; Row B: (1) No DNA control; (2) DRwl3 HTC 
"HAG"; (3)DRPEV "BAR P"; (4) DR7 HTC "MOU"; (5) DRw8.3 HTC "TAB"; (6) 
DRw8.1 HTC "ARC"; (7) DRw8.2 HTC "SPL"; (8) DR9 HTC "DKB"; and (9) 
DRwlO HTC "SHY". The data for the first panel of probes, which shows that GH56 
("YSTS") hybridizes to DR3.DR5, and DRw6, and GH102 ("YSTG") hybridizes to 

20 DRw8 is shown in Figure 7 (see Example 7). 

; After the hybridization and wash steps, the bound probes were detected by 
enhanced chemauminescence. By determining the pattern of probes that hybridize to 
each sample (see Table 8), the samples can be subtyped for specific alleles, as shown in 
Figure 6. In Figure 6, samples which hybridized to probes are shown with a "+" 

25 symbol. Blank cells indicate samples which did not hybridize to a particular probe. 
Except for "KOSE and BAR P", all the samples were homozygous typing cells. 

The hybridization data and DR types for the DR3, DR5, DRw6 and DRw8 
samples are shown in Figure 6. The sample "KOSE" was typed serologically as 
homozygous for the DRw6 haplotype (though this sample has been shown to be Dw9 

30 and Dwl9); however, it types as DRB1*1302 (CRX06 + CRX56) and 
DRB1*1401(CRX23 f CRX57). 

The sample "BAR P" is typed by serology and MLC as DR4 DwlO and DRw6. 
ConsequenUy, "BAR P" hybridizes to the probes CRX35 and CRX56 ("F-DR" and 
"G"), which types it as the newly discovered "DR PEV" DRw6 allele, and to the 

35 probes CRX06 and CRX57 ("I-DE" and "V"), reflecting the presence of the DR4 
DwlO allele (DRB 1*0402). 
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to the probes CRX06 ("I-DE") or CRX23 ("A-H"), which recognize sequences present 
, in three common DRw6 alleles, DRB1*1301, DRB1*1302, and DRB1*1401; this 
suggests that they are not DRw6, but DR3. 

To confirm this, the samples were amplified with the DRB 1 specific primers 
5 GH46/CRX37 and probed with the SSOs for DR3, GH125 ("Y") arid CRX50 ("K- 
GR"). About 100 ng of cell line genomic DNA were amplified with the DRB 1 specific 
primers GH46/CRX37 as described in Example 1. Each filter containing amplified cell 
line DNA (samples A through F) was hybridized simultaneously with a control filter 
(samples 1 through 11) containing HTCDNAs amplified with the DRB 1 specific 
s 10 primers. All filters were prepared as described in Example 1. the results are shown in 
Figure 8. ' - ; 

, Each pair of filters was hybridized the SSO probes shown. The samples are: 
% (l)No DNA control; (2) DRl HTC "kAS^obS"; (3) DR2 HTC "SCHIT; (4) DR3 
HTC "QBL"; (5) DR4 HTC "BSM"; (6) DR5 (DRwll) HTC "SPOOlO"; (7) DRw6 
15 HTC "OMW"; (8) DR7 HTC "MOU"; (9) DRw8 HTC "SPACH"; (10) DR9 HTC 
"DKB"; (11) DRwlOHTC "SHY"; (A) No DNA control; (B) Raji; (C) 616; (D) 
Beguit; (E) RM3; and (F) RS225. After the hybridization and wash steps, the bound 
probes were detected by enhanced chemiluminescence. 

As Figure 8 shows, Raji, 616, RM3, and RS225 hybridize to both the "Y" and 
20 "K-GR", which types them as DR3 (DRwl7). In summary, Raji, RM3, and RS225 
typeasDRwl0/DRwl7. RM3 and RS225 are cell lines derived from Raji, so it is not 
surprising that they have the same DRB type. Cell line 616 types as DRl/DRwl7, and 
Beguit types as DR7/DRwl 1 but, as noted above, the Beguit cell line contains the 
DRB1*1103 allele, which has the "F-DE" epitope. Previously, most DRwl 1 typing 
25 cells were observed to contain DRB 1 alleles with the "F-DR" epitope. Thus, the Beguit 
cell line contains an unusual DRB 1 allele for die DRwl 1 type. 

In addition to cell line samples, DNA from three different sources was amplified 
and typed. One source is purified genomic DNA from a set of unrelated, heterozygous 
individuals from the Center for Study of Human Polymorphism (CEPH, Paris, France; 
30 samples 555 to 863). Another source was cDNA made from riiRNA of cancer tissue 
from patients with bladder carcinoma (samples 2426, 2446, 2540, 2671, 2755). 
Normal human bladder cells do not express Gass II molecules, but various carcinoma 
wlls have been reported as expressing Qass II molecules. 

The remaining sample (PSW) is a buccal swab amplified for HLA DRB directly 
35 without DNA purification. For complete DR typing, the samples were amplified with 
both the generic DRB primers GH46/50 and the DRB 1 specific PCR primers 
GH46/CRX37. Filter strips containing DNA samples amplified with the general probes 
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from RNA, and from unusual sources, such as a buccal swab or stngle hair. 

pp;n TVning - jwra-. Hot ™* 
and the amplified target DNA is hybridized to the rnembrane-bound probe. The 

^ca^U***^**'* tfePCRprtaersusedmute _ 
amplfficauonarebiottaylate^ 

heLby reference, soma, any amplffledDNAu««hybridte.ou.emembnne.bound 
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probes can be easily detected. ^ ^ •„^CA^ 
conjugated horseradish perox^ 
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the membrane-bound probe. The HRP thus becomes bound, through the SA-biotin 
interaction, to the amplified DNA and can be used to generate a signal by a variety of 
well known means, such as the generation of a colored compound, e.g., by the 
oxidation of tetramethylbenzidine (see U.S. Patent No. 4,789,630, incorporated herein 
5 by reference). 

Although the probes can be fixed to the membrane by any means, a preferred 
method involves "tailing" an oligonucleotide probe about 13 to 25 nucleotides in length 
with a much longer sequence of poly-dT. The resulting poly-dT "tail" can then be 
reacted with amine groups on the membrane to fix the probe covalently to the 

10 membrane. This reaction can be facilitated by UV irradiation. 

Terminal deoxyribonucleotidyl transferase (TdT, Ratliff Biochemicals; for the 
reactions below assume a concentration of abut 120 Units/^1, which is 100 pmol/^1) 
can be used to create a poly-dT tail on a probe, although one can also synthesize the 
tailed probe on a commercially available DNA synthesizer. When one uses a DNA 

15 synthesizer to make the tailed probe, however, one should place the tail on the 5' end of 
the probe, so that undesired premature chain termination occurs primarily in the tail 
region. 

TdT reactions should be carried out in volume of about 100 pJ containing IX 
TdT salts, 200 pmol of oligonucleotide, 800 \>M dTT, and 60 units of TdT. 10X TdT 

20 salts is 1,000 mM K-cacodylate, 10 mM CoCh, 2 mM dithiothreitbl, 250 mM Tris-Cl, 
pH 7.6, and is prepared as described by Roychoudhury and Wu, Meth. Enzvmol. 
65:43-62, incorporated herein by reference. A 10X stock solution of 8 mM dTTP can 
be prepared (neutralized to pH 7 with NaOH) for convenience. 

The TdT reaction should be carried out at 37°C for two hours and then stopped 

25 by the addition of 100 \H of 10 mM EDTA, pH 8. The final concentration of tailed 
oligonucleotide is 1 \M (1 pmol^il), and the length of the homopolymer tail is about 
400 residues. Tail length can be changed by adjusting the molar ratio of dTTP to 
oligonucleotide. The tailed probes can be stored at -20°C uiritil use. 

Two types of nylon membrane are preferred for the reverse dot blot format: 

30 Biodyne™ nylon membrane, 0.45 micron pore size, manufactured by Pall; and 

Biotrans 1 * nylon membrane, 0.45 micron pore size, manufactured by ICN. The probes 
can be spotted onto the membrane very conveniently with the Bio-Dot 711 dot blot 
apparatus manufactured by BioRad. Each probe is spotted onto a unique, discrete 
location onto the membrane. About 5 to 10 picomoles of each tailed probe is premixed 

35 with 60-100 \il of TE buffer before application to the dot blot apparatus. After dot 
blotting, the membrane is briefly placed on absorbent paper to draw off excess liquid. 
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Hie membrane is then placed inside a UV light box, such as the Stratahnker 
HghtboxmanufacturedbyS^^ 

thetailedprobe^menylonmembrane. Afterai^efrinseCforaboutlSrnniutesin 
hybridization solution) to remove unboundprobe, me membrane is men ready for 
hybridization vnmbiotinylatedPCR product One-half to one pic^mole (one-quarter to 

one4udf of atypical,^ 
paneiforhybridization. AboutSOpIofstrep^ 

commercially available from PEO; sec the instruction manual for the AmphType 
IX)aDNATypmgKit,mcorp(iratedh 
timeforconvenience,butbettersigha^ 

wash, at room temperature, is performed after the stringency wash. 

Hybridization is typically carried out at 50«C for 30 minutes in a water bath and 
with hybridization buffer composed of 0.5% SDS and 3X to 5X SSPE, most 
commonly 4X. Stringency washing is carried out at 50'C for 15 minutes in a water 
15 bath and with wash solution composed of 0.1% SDS and IX SSPE A post-wash of 
IX PBS at room temperature for 30 minutes can enhance signal quality. 

The biotinylated primers for the reverse dot blot method and other useful 
primers of the invention are shown below. Note, however, that one or both of the 
primers canbebiotinylated in an amplification and mat me primers can be used for 
20 amplification with any detection format. 

Sen. TP No. Segueijce 



CRXll SEQID NO: 62 5-TCTAGAAGTACTCTACGTCT-3 
CRX28 SEQ ID NO: 67 B-CCGGATCCITCGTGTCCCCAC^GCACG- ' 
CRX29 SEQIDNO:68 B-CTCCCCAACCCCGTAGtTGTGTCTGCA-3 
25 DRB17 SEQID NO: 73 B-GAATrCCCGCGCCGCGCT-3' ^ 
SEQID NO: 107 B-GAATTCCCGCGCCGCGCTGACCT-3 
SEQID NO: 228 B-CCCCGTAGTTGTGTCTGCACACGG-3' 
SEQID NO. 95 B-GAATrCCCGCGCCGCGCTCACCTCG-3' 
UD ^ SEQID NO: 96 B-GAATTCCCGCGCCGCGCrCACCTCGOC-3' 
30 Bisbiotin. CRXll is a left-end primer designed for use wim GH50 to a^ the 
DRBl second exon of DR3, DR5, and DRw6 (13 and 14) haplotypes. CRX28 « 
biotinylated left-end primer GH46;^ 

DRB17 is biotinylated right-end primer CRX37. DRB30 is a right-end primer that 
includes the CRX37 sequence and has the sameDRBI range as CRX37 exceptthat, 
35 unlike CRX37, DRB30 can amplify DR7 DRBl sequences. DRB152 is a group 
specific right-end primer for DR7 and DR9 alleles. DB259 and DB260 are also nght- 



DRB30 
DRB152 
DB259 
DB260 
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end primers designed to extend the range of DRBl specific amplification to DR2 and 
DR9. 

The hybridizing regions of the tailed probes for use in the reverse dot blot 
method are shown below. X is inosine. Where two probe names are shown, Le„ 
DRB01/CRX60, the first name designates the hybridizing region (shown) of the tailed 
probe, the second designates the HRP-labeled, untailed probe. 









GH54 


10 


GH56 




GH59 




GH102 




GH104 




GH105 


15 


GH111 




GH122 




GH125 



Seo.IDNo. 
SEQ ID NO: 66 
SEQ ID NO: 85 
SEQ ID NO: 86 
, * SEQIDNO:87 
SEQIDNO:89 
> SEQ ID NO: 90 
SEQ ID NO: 91 
SEQ ID NO: 92 
SEQ ID NO: 93 
SEQ ID NO: 94 
DRB01/CRX60 SEQ ID NO: 79 
DRB02/CRX06 SEQ ID NO: 61 
20 DRB03/CRX35 SEQ ID NO: 71 
DRB04/CRX49 SEQ ID NO: 74 
DRB05/CRX34 SEQ ID NO: 70 
DRB06/GRX04 SEQ ID NO: 60 
DRB07/CRX68 SEQ ID NO: 84 
25 DRB08/GRX12 SEQ ID NO: 63 
DRB09/CRX50 SEQ ID NO: 75 
DRB10/CRX53 SEQ ID NO: 76 
DRBU/GRX15 SEQ ID NO: 64 
DRB12/CRX62 SEQ ID NO: 81 
30 DRB13/CRX63 SEQ ID NO: 82 
DRB14/CRX61 SEQ ID NO: 80 
DRB15/CRX56 SEQ ID NO: 77 
DRB16/CRX57 SEQ ID NO: 78 
DRB19 SEQ ID NO: 97 

35 DRB20 SEQ ID NO: 98 

DRB21 SEQ ID NO: 99 

DRB22 SEQ ID NO: 100 



Sequence 
S 5'-CCTGCTGCGGAGCACTG 
U S'-GCTGTTCX^GGACTC 
S 5-CAGACGTAGAGTACTCC 
U 5'-CATGTTTAACCTGCTCC 
S S'^jAAATAACACTCACCCGTAG 
S 5-TGACACTCCCrCTTAGGCT 
U 5'-CTTGCAGCAGGATAAGTATG 
S 5-TTCAAGCAGGATAAGTTTGA 
S 5-GAGTACTCCTCATCAGG 
U S-CTOTCCAGGTACCGCAC 
S 5*-CAAACTTAAGCroCCAC 
S 5'-CATCCTGGAAGACGAGC 
U 5'-GCTGTCTTCCAGGAAGT v 
U 5-TGACACTTATACTTACC 
U 5 , -GTCAAACTTAACCTCXn , C 
U 5'<}AGCAGAGGCGGGCC 
S 5 -GACTTCCTGGAAGACX3A 
U 5-AGCTGGGGCGGCCT 
U 5'-CACCGGGCCCCGCTTCT 
U y-GAGCAGAAGCGGGCC 
U 5'-ACCTCXJGCCCGCCTC 
U 5-ACATCXTGGAAGACAAG 
U 5-ACATCCTGGAAGACAGG 
U 5'-GOGGCCTAGCGCCGAGT 
S 5VCGGGTTGGTGAGAGCT 
S S'-CGGGTTGTGGAGAGCT 
S y-TGACACTTATACTTACOGTC 
S 5-CTCAAACTTAACCTCCtCC 
S 5-GAGCAGAGGCGGGC 
U 5-GCCTGTCTTCCAGGAAGT 
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15 



20 



25 



30 
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DRB23 

DRB24 

DRB25 

DRB26 

DRB27 

DRB28 

DRB31 

DRB32 

DRB33 

DRB34 

DRB35 

DRB36 

DRB37 

DRB38 

DRB39 

DRB40 

DRB41 

DRB42 

DRB43 

DRB44 

DRB45 

DRB46 

DRB47 

DRB48 

DRB49 

DRB50 

DRB51 

DRB52 

DRB53 

DRB54 

DRB55 

DRB56 

DRB57 

DRB58 

DRB59 

DRB60 

DRB61 



SEQIDNO:101 
SEQIDNO: 102 
SEQIDNO: 103 
SEQIDNO: 104 
SEQIDNO: 105 
SEQIDNO: 107 
SEQIDNO: 108 
SEQIDNO: 109 
SEQIDNO: 110 
SEQIDNO: 111 
SEQIDNO: 112 
SEQIDNO: 113 
SEQIDNO: 114 
SEQIDNO: 115 
SEQIDNO: 116 
SEQIDNO: 117 
SEQIDNO: 118 
SEQIDNO: 119 
SEQIDNO: 120 
SEQIDNO: 121 
SEQIDNO: 122 
SEQIDNO: 123 
SEQIDNO: 124 
SEQIDNO: 125 
SEQIDNO: 126 
SEQIDNO: 127 
SEQIDNO: 128 
SEQID NO: 129 
SEQIDNO: 130 
SEQID NO: 131 
SEQ ID NO: 132 
SEQID NO: 133 
SEQID NO: 134 
SEQIDNO: 135 
SEQID NO: 136 
SEQIDNO: 137 
SEQIDNO: 138 



U y-GCCOGCTrCTGCTC 
U 5*-GAGCAGAAGCXGGCC 
U 5 , -eATCCTGGAAGACAGG 
U 5-CATCGTGGAAGACAGGOGCG 
S 5 , -ACATCGTGGAAGACAAGC 
U 5'-ACCTCGGCCCXCGTG 
S 5*-CTCGOGXrTATGGATGTATC 
S 5-TGTCGAGGTACCGCA 
S 5*-ACTCATGTITAACCTGGrCX3 
S 5 , -CrGATGTTTAACCTGCrGC 
S 5-.TGTCGCCGAGTCCTGG 
S 5-CGGCTGTCTTCCAGGAAGT 
S 5'-CCGCCTGTCTTCCAGGAAGT 
U 5--TCCACCCGGCCCCX3CTTGT 
U 5'-GAGCAGAAGCGGGC 
U 5'-GAGXAGAAGCXGGCC 
U S'-GGCCCGCTTCTGCTC 
S 5'-GACGGAGCTGGGGCGGCCT 
U 5-GACTTCCTGGAGC3GGAGG 
U S'-GACCTCCTGGAGCGGAGG 
S 5-GAGCX3GAGGCGTGCC 
S 5-TCAGACGTAGAGTACTCC 
U 5'-TGrrTGCAGCAGGATAAGTATG 
S S^CTCATGTITAACGTGeTCC 
U y-TCAGACTTACGCAGCTCC 
U y-TCAGACTTAAGCAGCTCC 
U 5"-GAGCAGAGGCGGAGC 
U 5-GAGCAGAAGCGAGGCC 
U 5'-GGC(XGCTrCTGCTCCA 
U S'-GCGGCCCGCTTCTGCTC 
U 5-GAGCAGAAGCGAGGC 
U 5M3GAGXAGAAGCXGGCCG 
U 5'-CCACCCGGCCCGGC7rCT 
U 5'.CATCCTGGAAGACAGGCG 
U 5'-CATCCTGGAAGACAGAGCG 
S y^KSCGGCCTAGOGCCGAGT 
U y-ACCTCCTGGAGCGGAGG 
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DRB62 


SEQIDNO: 139 




DRB63 


SEQIDNO: 140 




DRB64 


SEQIDNO: 141 




DRB66 


SEQIDNO: 142 


J* 

5 


DRB67 


SEQ ID NO: 143 




DRB68 


SEQ ID NO: 144 




DRB69 


SEQ ID NO: 145 




DRB70 


SEQ ID NO: 146 




DRB71 


SEQ ID NO: 147 


10 


DRB72 


SEQ ID NO: 148 




DRB73 


* SEQ ID NO: 149 




DRB74 


SEQ ID NO : 150 




DRB75 


SEQ ID NO: 151 




DRB76 


SEQIDNO: 152 


15 


DRB77 


SEQ ID NO: 153 




DRB78 , 


SEQIDNO: 154 




DRB79 


SEQIDNO: 155 




DRB80 


SEQIDNO: 156 




DRB81 


SEQIDNO: 157 


20 


DRB82 


SEQIDNO: 158 




DRB83 


SEQIDNO: 159 




DRB84 


SEQ ID NO: 160 




DRB85 


SEQIDNO: 161 




DRB86 


SEQIDNO: 162 


25 


DRB87 . 


SEQIDNO: 163 




DRB88 


SEQIDNO: 164 




DRB89 


SEQIDNO: 165 




DRB90 


SEQIDNO: 166 




DRB91 


SEQ ID NO: 167 


30 


DRB92 


SEQIDNO: 168 




DRB93 


SEQ ID NO: 169 




DRB94 


SEQ ID NO: 170 




DRB95 


SEQIDNO: 171 




DRB96 


SEQIDNO: 172 


35 


DRB97 


SEQIDNO: 173 




DRB98 


SEQIDNO: 174 




DRB99 


SEQIDNO: 175 



S 5-GACTTCCTGGAGCGGAG 

S 5-CATCCTGGAGCAGGCG 

U S'-ACCTCGGeCCXCCTCTG 

U 5 -GAGCAGAAGCGGG 

U 5-GAGXAGAAGCXGGCCG 

U ^'-CCTCXjGCeCXCCTCTGC 

U 5-CCTCCtGGAGCGGAGG 

U S'-OGCCTGTCtTCCAGGATG 

U 5-TTCITGCAGCAGGATAAGTATG 

S 5-CGCXTGTCCTCCAGGATG 

U 5-AGAAGCGGGGCCGGGTG 

U 5' GAGCAGAGXCGGGCC 

U 5-GAGCAGAG AGCGGGG 

U 5' CTTCTGCtCCAGGAGG 

U 5'-CTCCTGGAGCAGAAG 

U 5 ? -CCTCCTGGAGCXGAAG 

U 5'<:CTCCTGGAGCAAGAAG 

U S'-CGGCCCGCCTCTGCTC 

U 5-CGGGGCTGTGGAGAGCT 

U S-CTTCTGCTCCAGGAGGTC 

U S'-ACCTCCTGGAGCAGAAG 

S 5'-GGCCCGCCTCTGGTC 

U S'-GCCCGCCtCTGCTG 

U S'-GGCCCGCCTCTGC 

U 5-GAGGCGCGCCGAGGT 

U 5'-GAGGCGCGCCGAGGTG 

U 5'-GAGGCGCGCCGAGGTGGA 

S 5-AGAAGCGGGGCCGGGT 

S 5-AGAAGCX5GGGCCGGG 

U 5' GGGGTTGGTGAGAGCT 

U S'-GGGGTTGTGGAGAGCT 

U S'-ACCTCGGCCCGCCTC 

S 5-CATCCTGGAAGACAGGC 

U 5-GAGCAGAAGCAGGCC 

U 5'-GGCGGCCTAGCGCCGAGTAC 

U S'-TGTAGGACCTTCTGTCCG 

U 5*-GTAGGACCTTCTGTCCG 
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DRB100 


SEQIDNO:17o » 




DRB101 


SEQIDNU:i// * 




DRB102 


SEQ ID INU. I/o » 




DRB103 


SEQ ID 1/7 1 


5 


DRB104 


SEQ AD INU. lOu 




DRB105 


JltJQ ID INVy. lo x 




DRB106 


SEQ ID INv* I*» 




DRB107 


TTk MTV 1 8^ 
SEQ ID IHU» lOJ 




DRB108 


SEQ ID WU» lo** 


10 


DRB109 


SEQ ID WU. ioj 




DRB110 


SEQ ID InU. loo 




DRB111 


SEQ ID viKJl lo / 




DRB112 


SEQ ID INU. loo 




DRB113 


SEQ iD vi\J* 107 


15 


DRB114 


SEQ ID INU. ItU 




DRB115 


SEQ ID INU» i7 i 




DRB116 


SEQ ID NU v i7Z 




DRB117 


SEQ ID NO: 1W 




DRB118 


SEQ ID NO: 1V4 


20 


DRB119 


SEQ ID NU: jvd 




DRB120 


SEQ ID NU: lvo 




DRB121 


SEQ ID NU. 17 / 




DRB122 


SEQ ID NU: ivo 




DRB123 


SEQ ID NU: 1t7 


25 


DRB124 


SEQ ID NU. zuu 




DRB125 


SEQ ID MU. /ui 




DRB126 


SEQ ID INU. m/^ 




DRB127 


SEQ ID INU. ZU D 




DRB128 


SEQ.ID NU* 


30 


DRB129 


«T*^VTTN XT/"^» 

SEQ ID NU: zud 




DRB130 


SEQIDNU:zuo 




DRB131 


SEQ ID isu. zu / 




DRB132 


oT?r\ m xrrv 008 
SEQ ID isu. zuo 




DRB133 


orn TT* xt/V OOO 

SEQ ID ISU. ZU7 
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DRB134 


SEQ ID NO: 210 




DRB135 


SEQ ID NO: 211 




DRB136 


SEQ ID NO: 212 
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S 5'.TTCITGCAGCAGGATAAGTATGAG 
S 5VCTCCCGTITATGGATGTATC 
S 5-CAGTACtCCTCATCAGGC 
S S'-CTOTCCAGGTACCGCA 
U 5'-ACCrCGGCCCGCCTCT 
U 5'-GAGGCGGGCCGAGGTGGAC 
U 5*-AC3AGGCGCGCCGAGGTGGAC 
S 5-AGAAGCGGGGCCGG 
S 5'-GAAGCGGGGCCGGG 
S 5-GAAGACAGGCGGGCCXrTGG 
U 5^GCCTCTCTTCCAGGAAGTCC 
U 5-CTCAGACGTAGAGTACTCC 
S 5'.GCCTGCTGCGGAGCACTGG 
S 5-GACCTCCTGGAAGACAGG 
U 5-CCTGTCCTCCAGGAGGTG 
U 5 - ACGGGGTTGGTGAGAGGTT 
U 5-ACGGGGTrGTGGAGAGCTT 
U 5-ACGGGGCTGTGGAGAGCTT 
S 5-GAGGCGGGCCGAGGT 
U 5-GAGGCGGGCCGAGGTG 
U 5'-GAGGCGGGCCGAGGTGGA 
U S'-GAGGCGGGCCGAGGTGGAC 
U y-AGAGGCGGGCCGAGGTGGAC 
T 5'-GGCGGCCTAGCGCCGAGTA 
T 5'-CCACXCGGCCCCGClTGT 
T 5*-GAGGCGGGCCGCGGT 
T 5'-ACCGCGGCCCGCCTC 
T 5M3AAGCGGGCCGCGGT 
T 5'-ACCGCGGCCCGCTTG 
t 5-ACTTCCTGGAAGACAGG 
t S'-CGCAAGTCCTCCTCTTG 
T 5-CAAGAGGAGGACTTGCG 
T 5-GAAGACAGGCGGGCCCTG 
T 5-AAGACAGGCGGGCCCTGG 
T 5-ACITCCTGGAAGACGAG 
T 5-ACTTCCTGGAAGACGAGC 
T 5-ACATCCTGGAAGACAGGC 
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DRB137 


SEQ ID NO: 213 




DRB138 


SEQ ID NO: 214 




DRB139 


SEQE>NO:215 




DRB140 


SEQID NO: 216 


5 


DRB141 


SEQID NO: 217 




DRB142 


SEQID NO: 218 




DRB143 


SEQID NO: 219 




DRB144 


SEQIDNO:220 




DRB145 


SEQID NO: 221 


10 


DRB146 


SEQE>NO:222 




DRB147 


- SEQID NO: 223 




DRB148 


SEQID NO: 224 




DRB149 


SEQID NO: 225 




DRB150 


SEQ ID NO: 226 


15 


DRB153 


SEQID NO: 229 




DRB154 


SEQID NO: 230 




DRB155 


SEQ ID NO: 231 




DRB156 


SEQID NO: 232 




DRB157 


SEQID NO: 233 


20 


DRB158 


SEQ ID NO: 234 




DRB159 


SEQID NO: 235 




DRB160 


SEQ ID NO: 236 




DRB161 


SEQID NO: 237 




DRB162 


SEQ ID NO: 238 


25 


DRB163 


SEQID NO: 239 




DRB164 


SEQID NO: 240 




DRB165 


SEQ ID NO: 241 




DRB166 


SEQID NO: 242 




DRB167 


SEQ ID NO: 243 


30 


DRB168 


SEQ ID NO: 244 




DRB169 


SEQ ID NO: 245 




DRB170 


SEQ ID NO: 246 




DRB171 


SEQID NO: 247 




DRB172 


SEQID NO: 248 


35 


DRB173 


SEQID NO: 249 




DRB174 


SEQID NO: 250 




DRB175 


SEQID NO: 251 



T 5^3CCTGTCITCCAGGATG 
T 5-GCAGAAGCGGGCCGCG 
T S'-CGCGGCCCGCTTCTGC 
T 5'-GCAGAGGCGGGCCGCG 
T S'-CGCGGCCCGCCTCTGC 
T 5'-GCAGAGGCGGGCCGAG 
T S'-CTCGGCCCGCCTCTGC 
T 5'-GCGGAGGCGGGCCGAG 
T 5'-CTCX3GCX:CGCCTCCGC 
T 5 -CTCXXICTGCAGGAAGTC 
T 5-GGGGGTrGGTGAGApCr 
T 5-GGGGGTTGTGGAGAGCT 
T 5-CGGGGCTGTGGAGAGCrT 
5VTGTCGACCGCGGCCCGCGCCT 
5-GAATTCCCAGCTCACACGGGACT 
S'-GGTGTCCACCGCGGCCCGCGG 
5-AACCCCGTAGTTGTGTCTGCACAC 
5-GGGGGAGTTCCGGG 
5'CCCGGTACTCCCCC 
^CGCGGCCCGCCTCTG , 
5%CCGCGGCCCGCCtCTG 
i'-CCGXGGCGCGGCTCTGC 
5'-CC^GCX3GCCCGCCTGTGC 
5-GCAGAAXCGGGCCGCXGT 
5^CAGAAAGCGGGCGGCXGT 
5VCAGAAGCGGGCCGCG 
5^ACCTXGGCCCGCCXCTGC 
S'-ACCTXGGCCCGCCXCTG 
5*-GGAGCAGAAACGGGCCG 
5-GGAGCAGAAACGGGCCGC 
5'-GCAGAAGCGGGCCXCG 
5*-GTCCACCTCGGCCCG 
5'-CGGGCCGCGGTGGAC 
S'-CGCCTCCGCTCCAGGAG 
5'-CTCCTGGAGCAGAGGCG 
S'-ACCGCGGCCCGCCTCT 
5^CACCrXGGCCCGCCXCTG 
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SEQ ID N O. aj* 


DRB177 


SEQ ID NO. £33 


DRB178 


SEQ ID rNJ. 


DRB179 


SEQ ID INLF. ^nJ^ 


5 DRB180 


o£Q *D INvA 


DRB181 


o&Q ID JNv/. u / 


DRB182 


oliQ 1LJ INVA wO 


DRB183 


SEQ ID JNLi. xjy 


DRB184 


SEQ ID JNU. aOU 


10 DRB185 


f»r?A TTY XTfV 0^1 

SEQ ID isu. -^oi 


DRB186 


* CT7A TTI MfV 

SEQ ID JNu. ^DZr 


DRB187 


SEQ ID Wv. xoj 


DRB188 


SEQ ID NO: xcy+ 


DRB189 


SEQ ID NO: 265 


15 DRB190 


SEQ ID NO: 2oo 


DRB191 


SEQ ID NO: 20/ 


DRB192 


SEQ ID rMD. zoo 


DRB193 


SEQ ID NU. ZOV 


DRB194 


SEQ ID NU. z/u 


20 DRB195 


SEQ ID NO. Z/i 


DRB196 


SEQ ID NO- Z/z 


DRB197 


SEQ ID NvJ* £ij 


DRB198 


SEQ ID JNLr. Z/** 


DRB199 


SEQ ID JNvJ. 


25 DRB200 


SEQ ID ISU. z/o 


DRB201 


oT?r\ tn >JfV T77 
oEQ ID v<\J* &i t 


DRB202 


SEQ ID JNw. ^/ o 


DRB203 


AT/^ fry XTfV T70 

SEQ ID 


DRB204 


SEQ ID rivJ. Zou 


30 DRB205 


SEQ ID WU. zoi 


DRB206 


SEQ ID JNVJ. 


DRB207 


SEQ ID INL/. &o j 


DRB208 


SEQ ID WD- -toH- 


DRB209 


SEQ ID InU. Zo3 


35 DRB210 


SEQ ID NO: 286 


DRB211 


SEQ ID NO: 287 


DRB212 


SEQ ID NO: 288 
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5'.CGXGGCGCGCCTCTG 

5'-CCGXGGCCCGCCTCTQ 

5'-GGGGGAGTTCCGGGCG 

S'-CGCCCGGTACTCCCGG 

5-XCCTGATGCCGAGTACTG 

5'-XCX5GGGCTGTGGAGAGCTT 

y-GTACGGGGCTGTGGAGAG 

5-CTACGGGXCTGTGGAGAG 

5'.GTrCCGGGCGGTGAC 

5'-GGGGGAGTTXCGGGG 

5'-CGTCACCGCCCGGTAC 

5'.CGTCACCGCCCGXTAC 

S'-CACCCCTCATXGCCG 

5-GCGGGCCGCGGTGGAG 

S'-CAGAGGCXGGCGGCGGT 

5'-GTTXCGGGCGGTGAC 

5'-TTCCGGGCGGTGAC 

5'-GGGGAGTTCCGGG 

S'-TCACGGCCCGGAAC 

5-AG ATACTFCTATAACCAG 

S-AGACACTTCTATAACCAG 

5-CTGGTrATAGAAGTATGT 

5'.CTGTCGCCGAGTCCTGG 

5'-GGGCGGGCTAGCGCCGAGT 

S'-GCAGAAAGCGGGCCGCXGT. 

5-GCGXCTGTCTTCCAGGATG 

5-CGXCTGTCTTCCAGGATG 

5'-ACCGXGGCCCGCCTCTG 

S'-CGGTCACCGCCCGXTAC 

5'GGGGAGTTCCGGGG 

5'.TCACCGCCCGGAACTC 

5 , -TGACACTrATACTrACCCTGC 

y-TTGAAGCAGGATAAGTTTGAG 

5-CTTGAAGCAGGATAAGTTTG 

S'-GAATTGCCGCGCCGCGCTCA 

5VGAATTCCCGCGCCGCG 
5'-GAATrCCCGCGCCGCGCTCAC 
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DRB213 


SEQE>NO:289 


5-ATGACACTCCCTCTTAGGCTG 




DRB214 


SEQIDNO:290 


5-AGATCCTGGAAGACGAG 




DRB215 


SEQIDNO:291 


5-CCX3CTCCX3TCCCATTGAA 




DRB216 


SEQIDNO:292 


5-TTCAATGAGACX3GAGCGG 


5 


DRB217 


SEQE>NO:293 


5'CATCCTGGAAGACX}AG 




DRB218 


SEQH>NO:294 


5-GCTCXjTCTTCCAGCATG 




DRB219 


SEQIDN6:295 


S'-CGCtCGTCTTCCAGGATG 




DRB220 


SEQE>NO:296 


5-GCTGTCGCCGAGTCCTGG 




DRB221 


SEQE>NO:297 


5'-CCTGTCGCCGAGT(XTGG 


1 A 

10 


DRB222 


SEQIDNO:298 


5-CTGTCCAGGTACCGCA 




DRB223 


SEQE>NO:299 


S'-GGCGGCCTAGCGCCG AGTA 




DRB224 


SEQE>NO:300 


5'-CCACX(X3GCCC(XCTTCT 




DRB225 


SEQIDNO:301 


5-GAGGCGGGCCGCGGT 




DRB226 


SEQIDNO:302 


5-ACCGCGGCCCGCCTC 


15 


DRB227 


SEQIDNO:303 


5-GAAGCGGGCCGCGGT 




DRB228 


SEQEDN6:304 


5'-ACCGCGGCCCGCTTC 




DRB229 


SEQIDNO:305 


5-ACTTCCTGGAAGACAGG 




DRB230 


SEQE>NO:306 


5-GACCTCCTGGAAGACAGG 




DRB231 


SEQIDNO:307 


5-ACATCCTGGAAGACAAGC 


20 


DRB232 


SEQIDNO:308 


5-GACATCCTGGAAGACAAGC 




DRB233 


SEQE)NO:309 


5-ACATCCTGGAAGACAAGCG 




DRB300 


SEQIDNO:310 


S'-GAATTCCCGCGCCGCGCTCACCTC 




DRB305 


SEQIDN0:311 


5-GAATTCACAGGGACTCCAGGCC 



Preliminary testing shows that some probes, marked "S" above are more preferred than 
25 other probes, marked "U" above. Other probes, marked *T* above, have not yet been 
tested. 

The hybridization patterns and specificity (1989 allele set) for the preferred 
reverse dot blot probes are show below. Where an "X" is used in the "specificity" 
column, the "X" designates inclusivity of all alleles indicated by the first two digits after 
30 the"*". 
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10 



15 



20 



25 



30 



35 



I .'—,2 *WVA 

epitope 


Narnc 


W-LrF 




W-P-R 




(jpy 




K-D-r 




YSTb 


r>PR4fi 


YSTU 




\7 TT 

V~H 




G-YK 




EV 


DRB20 


LR-S 


GH57 


TV* 

ILrS 




F~DR 


no W77nPTl 1 00 


T* TNT? 

F- DE 




I~DE 




I-DK 


nooo'j 


RR 


nOO/l<t 


F—RR-E 


no "RAO 


I-A 




Y 


DRB103 




DRB102 


s 


DRB60 


A—H 


noun 7 


V~S 


DRB35 


R 




K 








RR-E 




I-DR 


TVDUT) 


I-DR 


DRB95 


K-GR 




DR 


DRB113 



G (pos. 86) 
V (pos. 86) 



S pecificity 
DRB1*0101, 0102, 0103 
DRB1*1501, 1502, 1601, 1602 
DRB5*0101, 0102, 0201, 0202 
DRB1*0901 

DRB1*030X, U0X, 130X, 140X 

DRB1*080X, 1201 

DRB1*040X 

DRB1*070X 

DRBinOOl 

DRB3*0101 

DRB3*0201,0202,0301 

DRB1*0801,0802, 1101, 1104, 1601, PEV; 

DRB5*0101,0102 

DRB1*1103 

DRB1*0103,0402, 1102, 1301, 1302 

DRB1*1303 

DRB1*1001 

DRBl*0901 

DRB1*1501, 1502; DRB5*0201, 0202 

DRB1*0301J)RB3*0101 

DRBiniOX 

DRB1*0405, 0801, 0803, 1303 
DRB1*1401,LY10 

DRB1*070X,0901, 1201; DRB3*0101, 

DRB1*0101, 0102, 0404, 0405, 0408, 
1402 

DRB1*0401 

DRB1*0403, 0406, 0407 
DRB1*1401, LY10; DRB4*0101 
DRB1*0701,0702 

DRB1*0803, 1201 
DRB1*0301, 0302; DRB3*0101 

DRB1*1602 
See Table 5 
See Table 5 
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PpHqpg Nam? Specificity 

AV (pos. 86) — DRB1*0102, 1201; DRB5 

WNIIN GH51 DRB4*0101 
IHKR DRB101 DRB2*0101 

5 EaapilfiS 

Reverse DofcBlot Typing Kit 
HLA DRB typing kits incorporating a rapid and simple reverse dot blot 
hybridization format were designed to provide a simple and fast prescreening of 
samples before proceeding to fine subtyping involving allele specific amplification. 
10 The kits contain the amplification reagents, DNA for use as a positive control, nylon 
strips on which the probes have been immobilized, colorimetric detection reagents, 
reaction tubes, and instructions. 

Typing was carried out using two amplification reactions, one using DRB 
general primers and the other using DRB1 specific primers. The primer pairs amplify 
1 5 under the same thennqcycler conditions so that the two reactions could be carried out 
concurrently. Two panels of probes, one specific for each amplification reaction, were 
used in the reverse dot blot hybridization format Each panel of probes was 
immobilized on a single nylon strip for ease of handling. 

Biotinylated primers were used in the amplification reactions to allow for later 
20 detection using a colorimetric assay as described in Example 8, above. The DRB 

amplification primers used were CRX28 (SEQID NO: 67) and CRX29 (SEQID NO: 

68). The DRB1 amplification primers were CRX28 and CRX 

37 (SEQ ID NO: 73). Both sets of primers are described in Example 8, above. 

The two probe panels, one for hybridizing with the amplification products of 
25 the DRB amplification and the other for hybridizing with the amplification product from 
the DRB 1 -specific amplification, are shown below. The nucleotide sequence for each 
probe is found in the Sequence Listing section; the SEQ ID NO: for each probe is 
provided below. 
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15 



20 



25 



30 



Pmte Panel fo r th ? DRB Amplification, 

Reactivity 
DR1 
DR2 

DR3, 11, 13, 14 
DR4 
DR7 

DR8, 12, 1404 
DR9 
DR10 
DR11 
1401,1404 

1103 
ALL 

PphftPanrifortfrPfi* 1 Amplification 

Reactivity 







Seq. ID No. 


A A Sequence 


1 
1 


DRB01 


SEQ ID NO: 79 


WLF 




GH104 


SEQ ID NO: 90 


WPR 




DRB46 


SEQ ID NO. 123 


YSTS 


4 


DRB48 


SEQ ID NO: 125 


V-H 


5 


DRB207 


SEQ ID NO: 283 


G-YK 


6 


GH102 


SEQ ID NO: 89 


YSTG 


7 


DRB209 


SEQ ID NO: 285 


K-D-F 


o 


DRB20 


SEQ ID NO: 98 


EV 


9 


DRB102' 


SEQ ID NO: 178 


E 


10 


DRB112 


SEQ ID NO: 188 


A-H 


11 


DRB07 


SEQ ID NO: 84 


F-DE 


C 


DRB42 


SEQ ID NO: 119 


TELGRP 





Probe 


Seq. ID No. 


A A Sequence 


12 


DRB223 


SEQ ID NO: 299 


S 


13 


DRB37 


SEQ ID NO: 114 


F-DR 


14 


DRB203 


SEQ ID NO: 279 


R 


15 


DRB163 


SEQ ID NO: 239 


K 


16 


DRB118 


SEQ ID NO : 19 4 


R-E/RR-E 


17 


DRB02 


SEQ ID NO: 61 


I-DE 


18 


DRB38 


SEQ ID NO: 115 


K-GR 


19 


DRB222 


SEQ ID NO: 298 


Y 


20 


DRB232 


SEQ ID NO: 308 


I-DK 


21 


DRB136 


SEQ ID NO: 212 


I-DR 


22 


DRB198 


SEQ ID NO: 274 


V-S 


C 


DRB42 


SEQ ID NO: 119 


TELGRP 



0401,0409 
* 

DR3 
0301 
1303 

0803, 1201 (notDR7) 
DR7.0803, 1201 
ALL 
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* sequence is found on a numoer or uuuaciu <mww v~~ 

DRB probes 1-8 are specific to the region about amino acids 9-13; probe 9 is 
specific for amino acid 58; probe 10 is specific for amino acids 57-60; and probe 1 1 is 
specificforamino acids 67-74. DRB1 probes 13-18, 20, and 21 are specific to amino 
acids 67-74; probe 12 is specific to amino add 57; probe 20 is specific to amino acid 
26; and probe 22 is specific for amino adds 57-60. The control probe is specific for 
amino acids 51-56. 
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It should be noted that the probes shown in the above panels can also be 
and used in the DRBf typing methods described in Example 7. The same hybridization 
and wash conditions would be used. Interpretation of the hybridization pattern would 
be as described below. 

5 The kits were packaged as two boxes: oiie box contained the DRB reagents and 

the other box contained the DRB 1 reagents* Packaged in each box was either DRB or 
DRB1 PCR mix, DNA control, and typing strips; 8 mM magnesium chloride solution; 
mineral oil; SA-HRP conjugate; chromogen (TMB); reaction tubes; and instructions. 
PCR contains the reagents necessary for a PCR with the exception of the magnesium 
10 chloride and the template DNA. Other reagents and equipment needed to perform the 
methods described were supplied by the kit user; all are commonly available 
commercially. 

Several sample preparation procedures suitable for use in PCR amplifications 
are known in the art A preferred procedure is the Chelex extraction method described 

15 in Singer-Sam et al. 1989. Amplifications 3:1 L and Walsh et al» 1991: 

BioTechniques 10(4^506-513. both of which are incorporated herein by reference. 
For examples of other techniques for extracting nucleic acids from biological samples, 
see those described in Sambrook £t Molecular Cloning: A Laboratory Manual 
(New York, Cold Spring Harbor Laboratory, 1989); Arrand, F^repiaration of Nucleic 

20 Acid Probes, in pp. 1 8-30, Nucleic Acid Hybridization: A Practical Approach (Ed 

Hames and Higgins, IRL Press, 1985); or, in PCR Protocols. Chapters 18-20 (Innis £t 
ed., Academic Press, 1990), which are all incorporated herein by reference. 
Primer pairs for amplifying all DRB sequences and for amplifying specifically 
DRB1 sequences are used in two separate PCR reactions. Amplification reactions are 

25 essentially as described in Saiki £t 2s2& 2M- Acad . Set USA S&6230- 

6234, incorporated herein by reference, with the modifications described below. 
Reactions are carried out using 25 |il of sample in a total volume of lOO jll, each 
reaction containing 50 mM KCL, 10 mM TrisHCl (pH 8.4), 1.5 mM MgQ 2 , 10 lig 
Gelatin, 200 jiM each dATP, dCTP, dGTP, and dTIP, 0.2 nM each biotinylated 

30 amplification primer, and 2.5 units of Thermus aquaticus DNA polymerase (PECI). 

The same temperature profile is used for both amplification reaction, allowing 
both reaction to be carried out concurrendx in the same thermocycler. The thermocycler 
is programmed for 35 cycles of the following temperature profile: denature at 95°C for 
60 seconds, anneal at 60°C for 30 seconds, extend at 72 6 C for 60 seconds. The 

35 thermocycler is programmed to incubate the sample for an additional 7 minutes at 72°C 
following the last cycle. 



PCT/US91/09294 

WO 92/16589 

48 
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,0 a^teoU.crs^comaibsd.ep^forhy^ 

Xc OT tataings B ipto,«pa ra »weD. Tbeiytaidi^atot^sarcc^ally 

DNA 

condi^sde^edt^oware^ 

15 ^H^W**^"''"".''^ 

i^l^rfteJBfeM-^^^^^T*. Hoo(4X 

toeachwencomainingas^^ 
SSPE a»d0.5% wrightM-tame SDS) are added foWed^ 25 |arfampl^D^ 

20 bathandi»c 1 *aledat5(rcte20 n ^u«aialxmt50|p m . . . 

m strips are washed initially in 10 ml of wash sohmon (1.0X SSPE and 0.1% 

^deaehv^thenaspiraKd. ^'^^^TSZlT 

25 tacuba^maSO^shaking^^ 

aspfaatfageachwel 10ml of wash solution a«a<Med to each wette 

prepatrfwithinlSntotestftse). ' 
LlcsonanorbMsnataatappro^ 

I^onanc^sl^era.appH.M 

35 as^tedftomeachweuandthes^ 

Tlecotadevetopn^s^ateidenticalforbomDRBandDRBl Toeach 
W eUi S addedl0nJofci^b^er(100n^Sctf im a n B.e,pH = 5.0)andthet ra y I s 
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place on an orbital shake? for 5 minutes at approximately 50 rpm. Preferably, the color 
development solution is prepared during diis time (no more than 10 minutes before 
use). The color development solution for each well is made from 10 ml of citrate 
buffer, 10 *il of 3% hydrogen peroxide, and 0-5 ml [TMB] chrbmogen solution. 
5 (commercially available from PEGQ mixed gently (do not vortex). 

The tray is removed} from the orbital shaker, the citrate buffer is aspirated, and 
10 ml of the freshly-made color development solution is added to each well. The tray is 
: shielded from light beginning with the color development step using an aluminum foil 

covering. The strips are developed at room temperature for up to 30 minutes on an 
10 orbital shaker at about 50 rpm. The development can be terminated as soon as the 
desired signal intensity has been reached. 

After the desired signal intensity has been reached^ the tray is removed from the 
shaker and the contents of each well are aspirated. The color development is stopped 
by washing with 10 ml of deionized water in each well. The water is added, the tray is 
15 then shaken at room temperature for 5 minutes on an orbital shaker at about 50 rpm, 
and the contents of each well are slowly poured off. At least three washes should be 
performed. 

The strips can be stored jrotectediro 
and 8°C for 2 to 3 days. The strips should be photographed wet for a permanent 
20 record. Strips can also be dried and, stored in the dark, though some fading can occur. 

Results are interpreted by reading the pattern of blue dots on the DNA Probe 
strips; each blue dot indicates that a biotinylated amplified product hybridized with the 
immobilized probe. The internal control probe (DRB42), which detects all of the DRB 
alleles, is designed to produce a dot of intensity equal to or less than the intensity of 
25 other positive dots on the strip. This provides a guide as to the minimum dot intensity 
that should be scored as a positive. 

The probes of the above kit distinguish 31 HLA DRB 1 types. Some of these 
probe-defined types are sets of related alleles. Figure 10 shows the probe hybridization 
pattern for each allele of the 1990 allele set. Figures 11, 12, and 13 provide the 
30 possible interpretations for each probe hybridization pattern. Strip results can easily be 
interpreted directly using Figures 1 1-13. i 

A convenient alternative to manual interpretation of results is provided by a 
computer program which accepts the probe hybridization pattern as input, matches the 
input pattern to known allele patterns, and provides the possible interpretations. 
35 Suitable algorithms for matching the probe hybridization pattern to the possible allele 
combinations include simple table lookup and decision tree algorithms. Program input 
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can beentered either manually or fiom an automated strip reader that detectsthe 
intensity of the blue hybridization dots. • „ te 

As noted above, this reverse dot blot typing system does not My descnminate 
among all possible types. For example, the system does riot subtype DR2 serotypes. 

5 Certain heterozygous combinations also cannot be fully resolved. All of these can be 
resolved with additional primer pairs for auele-specific amplifications and probes, as 

discussed in Example 12, below. ^ n . . ^ 

Because of the hybridization positions of primers CRX28 and GRX29, it is not 
possible to detect amino acid variations which occur at podtic* 86 when amplifying^ 

10 with thisprimerpair. Consequently, alleles which differ only at position 86 cannotbe 

distinguished, famwnvfc*^^^^^^*"^ 
of a glycine or a valine at position 86; these allele pairs are listed below. 

f Hrii>. pairs diff -T "ff nn1v at ""^ add pos?ition 86 - 
DRBl*150i and DRB1*1502 

15 DRB1*0302 and DRB1*0303 

DRB1*0403 and DRB1*0407 

DRB1*0404 andDRBl*0408 

DRB1*1101 and DRB 1*1104 

DRB1*1301 andDRBl*1302 
20 DRB1*0802 and DRB1*0804 

Tftample 10 
H yn^V DRB lT ypinir Strategy g 

Example4describesones^ 
isdescribedhere. m c^er to obtain cornplete discrirf 
DRBl locus,atwostageassay is used. The first smgemvolvesamplificauon of att 
samples with theDRB general primers, GH46 andGHSO. T*e resulting PCR product 

isimmobilized^ 
whichaUelespecificampimcatior^ 

prcducts sc^^ The amplification and hybridization protocols 

30 aTessentiaUyasdescribedm^ 

reference to the allele specificities listed with each probe panel 

First Stage Typing 
The first panel of probes is a similar to the probe panel shown in Table 4, 
differingbyonlyafewprobes. In the aUele specificities shown in the probe panels 
35 below M <X'as*elastdigitofan^ 
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with the specified number are recognized. For example, 030X is equivalent to 0301, 
0302, and 0303. 

First Panel of HLA DRB Typin g SSO Probes 





rTODC 


oca tt\ xrrv. 

SEO ID NO: 


Epitope 


Alleles Wash fSSPE. °C.) 


V 


V^XvADj 


oxiv^ ilj imu: oy 


W-Lr-K 


OlOX 


04X 42 






oJbl^ iLi NUl yo 


W-P-R 


150X 160X 


v*mV) Hit 




Urioo 


SEQ ID NO: 86 


YSTS 


nwY hoy 

l^OY 14/H 140? 


ft OY viO 
U.2A, 42 






SEQ ID NO: 87 


"V-H" 


040X 


0.2X, 42, 20 


10 


CRX49 


SEQ ID NO: 74 


"G-YK" 


070X 


1.0X, 42 




GH102 


SEQ ID NO: 89 


"YSTG" 


nftOY iooy i^O/i 

UoUA, 1ZUA, 14U4 


0.1 A, 42 




PTJ i i « 

OH111 


SEQ ID NO; 92 


"K-D-F" 




0.4A, 42 




CKX34 


SEQ ID NO: 70 


"EV" 


1001 






/"Mil 

Urll22 


SEQ ID NO: 93 


ITJJtf 


1 10Y 


0.2A, 42 


15 


CRX61 


SEQ ID NO: 80 


"S" 


0405, 0409, 0410, 
0411,0801,0803, 

1304, 1305 


0-JX, 42 




CRX23 


SEQ ID NO: 66 


"A-H" 


1401, 1404 


0.1X, 42 




CRX06 


SEQ ID NO: 61 


"I_DE" 


0103, 0402, 1102, 


0.1X, 42 


20 








i^ni lono iiA/i 
1301, 1302, 1304 






CRX35 


SEQ ID NO: 71 


"F— DR" 


1601, 1101, 1104, 
1305, 0801, 0802, 
0804, 1202 


0.2X, 42 




CRX68 


SEQ ID NO: 84 


"F-DE" 


1103 


0.2X, 42 


25 


CRX62 


SEQ ID NO: 81 


♦1-DIC' 


1303 


0.2X.42 




CRX12 


SEQ ID NO: 63 


DRB "ALL" 


"All 


0;2X, 42 



The probes are hybridized and then washed for 15 minutes at42°C, except for 
GH59, which is washed for 20 minutes at 42°C All SSPE wash solutions contain 
0.1% SDS. Each probe is conjugated to HRP at the 5'-end. Based on the hybridization 
30 panern obtained from the first probe panel, a subtyping step may be necessary using 



allele-sperific amplification. 

Each of the types, DR7, DR9, and DR10 have only one identifiable allele and 
are identified directly from the first stage probe panel. There are actually two alleles 
specifying the DR7 type, DRB1*0701 and DRB1*0702. However, these two alleles 
35 differ only in the third exon and cannot be distinguished by the present methods which 
amplify and detect sequences from the second exon. Therefore, only one distinct allele 
is identifiable by the methods of.the present invention. 
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SrmnA Stage Snbtvping 

DR2 

DR2serologicaUy,a rc ampimed W ithaprimerp 

epitope, AB83 and AB60. Theresultmgpr^^^ 

p a n»1 nfHTA PP*> 



30 



Probe 
DRB63 
DRB113 
CRX35 
CRX57 
CRX56 
DRB196 
DRB197 
GH104 
CRX12 



SFOTPNCh 
SEQIDNai40 
SEQIDNO:189 
SEQIDNO:71 
SEQIDNO:78 
SEQIDNO:77 
SEQIDNO:272 
SEQE>NO:273 
SEQIDNO:90 
SEQIDNO:63 



"I-A" 
"-DR" 
"F4>R" 

•XT 

"WOO) 
"Y"(30) 
"W-P-R" 
DRB "ALL" 



Alleles 
150X 
1602 
1601 

1501, 1502 
1502, 160X 
1503 

1501, 1502, 160X 
DR2 
All 



W a gWSSPE.°C.y 
0.1X.42 

0.1X,42itf0.4X,50 

0.2X.42 

0-2X.42 

0.2X.42 

1.0X.42 

1.0X.42 

0.2X.42 

0.2X.42 



jcvw»w.v» - ah CCPTJ 

Theprobes shown are hybridized and then washedfor 15rmnutesat42 C AU SSPE 
wash solutions contain 0.1% SDS. Each probe is conjugated to HRP at the 5'-end. 

pm PR5.PRw6 

Samples that contained a positive signal for the YSTS epitope withprobe GH56 
areeitherDR3,DR5,orPRw6. These alleles are amplified specificaUy with AB82and 
AB60. The alleles can then be distinguished using the probe panel shown below. 
p a ™l nf HTA W fi Typing SSO Probes 



Probe SEP TP NO: Epitope. 

CRX50 SEQIDNO:75 KGR 

GH125 SEQH)NO:94 

DRB180 SEQIDNa256 



Y 
A 



35 



GH122 

CRX61 

CRX23 

CRX06 

CRX62 

CRX68 

CRX35 



SEQIDNO.93 E 

SEQIDNO:80 S 

SEQIDNO:66 A-H 

SEQE>NO:61 I-DE 

SEQE>NO:81 I-DK 

SEQIDNO.84 FDE 

SEQH>NO:71 FDR 



Alleles 
030X 
0301 

030X, 1301. 1302. 

1305.1402,1403. 

1405 

110X 

1303.1304 
1401 

1102, 1301-02 

1303 

1103 

1101, 1104, 1305 



Wscli rtSPE:°C.V 
0.2X.50 
0-2X.50 
0.2X.42 



0iX.42 
0-2X.42 
0.1X.42 
0.2X.42 
0.2X.42 
0.2X.42 
0-2X.42 
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Pn?be 


SEOIDNO: 


EpitPPf 


Allele? 


Wash fSSPE. °C.) 


CRX04 


SEQIDNO-.60 


R 


1402 


0.1X.42 


CRX57 


.SEQIDNO:78 


V 


0301, 0303, 1102, 
1104, 1301, 1304, 
1305, 1405 


0.2X,42 


CRX56 


SEQIDNO:77 


0 


0302,1101, 
1302, 1303, 1305. 
1402,1403 


0.2X,42 


GH56 


SEQ ID NO: 86 


YSTS 


DR3, DR5, DRw6 


0.2X,42 


CRX12 


SEQIDNO:63 


DRB-ALL" 


ALL 


OJX, 42 



10 

The probes shown are hybridized and then washed for 15 minutes at 42 9 C. All 
SSPE wash solutions contain 0.1% SDS. Each probe is conjugated to HRP at the 
5'-end. 

DR4 

15 Samples that contained a positive signal for the VH epitope with probe GH59 

are DR4 r These alleles are amplified specifically with AB54 and AB60. The alleles can 

men be distinguished using the probe panel shown below. 

P"?be Epitope Allele Wash 

CRX61 S 0405, 0409,0410,0411 0.2X, 42 / 

20 CRX64 K 0401,0409 2X, 40 

CRX04 R 0403,0404, 0405,0406, 0.1X, 42 

0407,0408,0410,0411 

CRX15 R-E 0403, 0406, 0407, 0411 0.4X, 55 

CRX06 IDE 0402 

25 CRX57 V 0402,0403, 0404,0406, 0.2X, 42 

0410,0411 

CRX56 G 0401, 0405,0407,0408, 0.2X, 42 

0409 

GH59 V-H DR4 0.2X, 42 

30 CRX12 DRB"ALL" ALL 0.2X, 42 

The probes shown are hybridized and then washed for 15 minutes at 42°C with the 
exception of GH59, which is washed for 20 minutes. All SSPE wash solutions 
contain 0. 1 % SDS. Each probe is conjugated to HRP at the 5'-end. 



WO 92/10589 



54 



PCT/US91/09294 



10 
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25 



30 



35 



CRX33 
CRX04 



CRX06 
CRX57 



Epitope 

WLF 

R 



IDE 
V 



w.ch-rssPE.°a 

0.4X, 42 
0.1X.42 



0.2X, 42 
0.2X, 42 



DRB181 
CRX56 



AV 
G 



0.1X, 42 
0.2X, 42 



CRX33orpositwe^^ 

DRBl-specmcpn m ers,GH46andCRX37. Tins also amplifies aHDRBl ^allefc, 
exceptDR2,DR7, andDR9. The alleles can then be distinguished using the probe 
panel shown below. 

Allele 

010X 

0101, 0102,0403,0404, 
0405, 0406, 0407, 0408, 
0410,0411 

0103,1102,1301,1302 
0301, 0402, 0403, 0404, 
0406,0410,0411, 1102, 
1103, 1104, 1301, 1304, 
1401,1404,1405,0804 

0102,1201,1202 
0101,0103,0302,6401, 
0405, 0407, 0408, 0409, 
1101, 1302,1303,0801, 
0802, 0803, 1305, 1402, 
1403 

0801,0802,0803,0804, 
1201,1202,1404 
1201,1202 
1201,0803 

0801,0802,1202,1101, 
1104,1305 
lkau DRB "ALL" ALL 

Tteprobes shown are hybrid and men washed for 15 m^ut^ 42 C AUSSPE 
wash solutions contain 0.1% SDS. Each probe is conjugated^ at me 5 -end 

Smcesomeepitopes^ 
asFDR),theresults obtained from me hybridization pattern wim me ^ 

arecomparedtooth*^ 

associated #imDW^ — **** 

ampfifiedwimmeDRBl-sp^cprirners. The design of primers specific for the WLF 

and YSTG epitopes will simplify the interpretation of the typing results. 



GH102 YSTG 



GH54 

CRX63 

CRX35 

CRX12 



V-S 

I-DR 

F-DR 



0.1X, 42 

0.4X.42 
0.2X.42 
0.2X, 42 

0.2X,42 



1 V,*/ KJ<J7 1/ U7i7*i 
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Example 11 
Allele Subtvp ing in Heterozygotes 
The pattern of hybridization with the probe panels of Example 10 alone may not 
be sufficient to unambiguously determine which alleles are present in certain 
5 heterozygous individuals. The probe hybridization pattern indicates which allele 
epitopes are present in the sample, but to determine the specific alleles present, it may 
be necessary to know which epitopes occur on which allele. Most fiequendy, such 
ambiguity does not arise because the epitope origin can usually be inferred from the 
limited possibilities of allelic combinations. The few cases which do arise can be 
10 resolved using allele-specific amplification. 

In some DR5/DRw6 heterozygotes, the following probe pattern can result: 

Probe; GH56 + GH122 + DRB180 + CRX06 VCRX35 + CRX56 + CRX57 

Epitope: ysts e da i-de f-dr g v 

Three different DR5/DRw6 heterozygote allele combinations produce this probe 

15 hybridization pattern; these combinations are listed below. These heterozygote allele 
combinations cannot be distinguished by any other probe. 
DRB1*1101 andDRBl*1301 
DRB1*1104 and DRB1*1302 
DRBl*1102andDRBl*1305 

20 To distinguish these possibilities, additional primers were designed to take 

advantage of the unique dimorphism at position 86. All DRB 1 alleles contain either a 
valine or a glycine at position 86. In each of the heterozygotes listed above, One of the 
alleles contains a valine at position 86 and the other contains a glycine. DRB1*1301, 
DRB1*1 104, and DRB1*1102 each contain a valine at position 86; DRfii*! 101, 

25 DRB1*1302, and DRB1*1305 each contain a glycine. Amplification using either a V 
or G specific primer in combination with a group specific primer (W-PR, VH, or 
YSTS) allows single allele amplification based on the polymorphism at position 86. In 
this manner, one of the two alleles present in each heterozygote can be selectively 
amplified and determined by direct probe hybridization. The second allele can be 

30 inferred from knowledge of the first allele based on the possible allelic combinations. 
Subtyping DR5/DRw6 heterozygotes by single allele amplification was 
achieved using the PCR primer pairs AB82/RAP05 and AB82/RAP06. Amplification 
was carried out as in Example 10 except that the PCR buffer contained a final 
concentration of 1 .0 mM MgCl* The thermocycler was programmed for 35 cycles, 

35 each with the following temperature profile: ramp to 94°C; 30 seconds denaturation at 
940Q 30 seconds annealing and extension at 70°C. Probe hybridization was carried 
out as before. The sequences of the V-specific (RAP06) and G-specific (RAP05) 
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primers are shown below and in the sequence listing section. Although each was used 
in combination with AB82, other group specific primers would be suitable. 
Primer SFO TP NO: ^safiQJX SfigsSQSS 
RAP05 SEQIDNO:312 0(86) 5-CCKTfGCACnX3TGAAGCrcrCACCA 
5 RAP06 SEQIDNO:313 V<86) 5'^GCTGCACnX3Ti3AAGCTCTCCACA 

forarriple 12 
ppp -rwgfrpp. Typing Kit 
The typing kit described here is designed to uniquely identify the greatest 
number of types possible. The primers and probes are designed to provide rapid yet 
10 complete typini for the DRB1 andDRB3 lod in a reverse dot blot format In order to 
obtain complete discriixnnation of all 45+ alleles at the DRB1 locus and the 3 alleles at 
the DRB3 locus, a two stage assay is used. The first stage involves ampHfication of all 
samples with theDRB general primers, DRB27 (SEQBD NO: 105) andDRB28 (SEQ 
ID NO: 106) Tlie r^esultmg PCR product is screened against a strip with 13 probes to 
15 determine which allele specific amplifications, if any, need to be done and screened in 

the second stage. 

Amplification and hybridization are carried out as in Example 9. The 
amplification product from the DRB general amplification is screened against a panel of 
probes containing eight probes specific for the first region of variability in the 
20 DRBllocus, four probes specific for the three DRB3 alleles (52a, 52b, 52c), and one 
control probe. Additional probes can be added to this strip to type for the DRB5 locus 
which has three alleles and is found on DR2 haplotypes. The specific hybridization 
regions and types recognized are listed below. 
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Tvpc recognized 


Sequence Probed 


1 


DR1 


WLF 


2 -■ 


DR2 


WPR 


3 


DR3, 5, 6 


YSTS 


4 


DR4 


VH 


5 


DR7 


GYK 


6 


DR8, 12 


YSTG 


7 


DR9 


KDF 


8 


DR10 


EV 


9 


52a 


LRS 


10 


52b, 52c 


LLS 


11 


52b 


to be designed 


12 


,52c 


to be designed 


13 


ah 


TELGRP 



15 The DRB3 type is determined from the results of this assay and, based on the 

results of this assay, it is determined which allele-specific amplifications (AS As), if 
any, need to be done. Primers for five different AS As are provided, though the most 
needed for typing any one sample is two. The same 3' primer, AB60* for example, 
can be used for all five ASAs and typically would be included as a component of the 

20 PCR reaction mix provided in a kit. Amplification specificity is conferred by the 5* 
primers. The DRB type amplified and the epitope recognized by each of the 5* primers 
are listed below. Primers 2, 3, and 4 have been designed and tested extensively and are 
discussed in the examples, above. 

Type Amplified Hybridization Sequence 

25 1 DR1 WLF 

2 DR2 WPR 

3 DR3,5,6 YSTS 

4 DR4 VH 

5 DR8, 12 YSTG 

30 The second stage involves a series of probes which permit fine typing of the 

amplified products from the ASAs. In one embodiment, all probes are attached to a 
single strip and this single strip is used to type the product from aH ASAs. Probes 
specific to the following regions are sufficient for typing the results of the ASAs. 
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Eggion EEil2B£& 
c 7 fin DAE,S,E,A-H,V-S 

%Z R, I-DE, I*. F-DR, DR, KGR.K, R-E/RR-E, P-DE I-DK, I- 

DR.DR-L 

5 85-86 G,V,AV 

Other E (a.a. 20), H (a.a. 30), Y <a.a, 26), S (a.a. 37) 

TheW'regionpolyin^^ 
However, an important goal of me present method is to^^^^^ 

10 ambiguities in recogiiizing heterozygotes versus homozygotes. 

Table 9 

AiM ^ntin tfr» 1Q«Q Allele Set 

_ „ rt >, . ** *** *** *** *** TAC TCT ACG TCT GAG 
DRB1*0303 (SEQ ID NO: 6) 

TGT CAT TTC TTC AAT GGG ACG GAG CGG GTG CGG TTC CTG GAG AGA TAC TTC 
15 CAT AAC CAG GAG GAG AAC GTG CGC TTC GAC AGC GAC GTG GGG GAG TAC' CGG 
GCG GTG ACG GAG CTG GGG CGG CCT GAT GCC GAG TAC TGG AAC AGC CAG AAG 
GAC CTC CTG GAG CAG AAG CGG GGC CGG GTG GAC AAC TAC TGC AGA CAC AAC 
TAC GGG GTT GTG GAG AGC TTC ACA GTG CAG CGG CGA 

20 O3B1-0409 (SEQ ID -: 15): ~ aM^^M* ™.^* 
XOT CAT TTC TTC AAC GGG ACG GAG CGG GTG CGG TTC CTG GAC AGA TAC TTC 
TAT CAC CAA GAG GAG TCA GTG CGC TTC GAC AGC GAC GTG .GGG , GAG TAC CGG 
GCG GTG ACG GAG CTG GGG CGG CCT AGC GCC GAG TAC TGG AAC AGC CAG AAG 
GAC CTC CTG GAG CAG AAG CGG GCC GCG GTG GAC ACC; TAC TGC AGA CAC AAC 

25 TAC GGG GTT GGT GAG AGC TTC ACA GTG CAG CGG CGA 

ra PGT TTC TTG GAG CAG GTT AAA CAT GAG 
DRB1*0410 (SEQ ID NO: 16) : CA CGT TTC to* ^ 

„„ „_ rTr: c.GG TTC CTG GAC AGA TAC TTC 

TGT CAT TTC TTC AAC GGG ACG GAG CGG GTG CGG TO- " 

Z Z CAA GAG GAG TCA. GTG CGC TTC GAC AGC GAC GTG GGG GAG ^AC C* 
3b GCG GTG ACG GAG CTG GGG CGG CCT AGC GCC GAG TAC TGG AAC AGC CAG AAG 
" GAC CTC CTG GAG CAG AGG; CGG GCC GCG GTG GAC ACC TAC TGC AGA CAC AAC 

TAC GGG GTT GTG GAG AGC TTC ACA GTG CAG . CGG CGA 



59 

DRB1*0411 (SEQ ID NO: 17) : CA CGT TTC TTG GAG CAG GTT AAA CAT GAG 
TGT CAT TTC TTC AAC GGG ACG GAG CGG GTG CGG TTC CTG GAC AGA TAC TTC 
. TAT CAC CAA GAG GAG TCA GTG CGC TTC GAC AGC SAC GTG GGG GAG TAC CGG 
GCG GTG ACG GAG CTG GGG CGG CCT AGC GCC GAG TAC TGG AAC AGC CAG AAG 
5 GAC CTC CTG GAG CAG AGG CGG GCC GAG GTG 6 AC ACC TAC TGC AGA CAC AAC 
TAC GGG GTT GTG GAG AGC TTC ACA GTG CAG CGG CGA 

DRB1*0804 (SEQ ID NO: 22) : CA CGT TTC TTG GAG TAC TCT ACG GGT GAG 
TGT TAT TTC TTC AAT GGG ACG GAG CGG GTG CGG TTC CTG GAC AGA TAC TTC 
10 TAT AAC CAA GAG GAG TAC GTG CGC TTC GAC AGC GAC GTG GGG GAG TAC CGG 
GCG GTG ACG GAG CTG GGG CGG CCT GAT GCC GAG TAC TGG AAC AGC CAG AAG 
GAC TTC CTG GAA GAC AGG CGG GCC CTG GTG GAC ACC TAC TGC AGA CAC AAC 
TAC GGG GTT GTG GAG AGC TTC ACA GTG CAG CGG CGA 

.15 DRB1*1105 (SEQ ID NO: 29) : CA CGT TTC TTG GAG TAC TCT ACG GGT GAG 
TGT, CAT TTC TTC AAT GGG ACG GAG CGG GTG CGG TTC CTG GAC AGA TAC TTC 
TAT AAC CAA GAG GAG TAC GTG CGC TTC GAC AGC GAC GTG GGG GAG TTC CGG 
GCG GTG ACG GAG CTG GGG CGG CCT GAT GAG GAG TACS TGG AAC AGC CAG AAG 
GAC TTC CTG GAA GAC AGG CGG GCC GCG GTG GAC ACC TAC TGC AGA CAC AAC 

20 TAC GGG GTT GGT GAG AGC TTC ACA GTG CAG CGG CGA 



DRB1*1202 (SEQ ID NO: 31): 


CA 


CGT 


TTC 


TTG 


GAG 


TAC 


TCT 


ACG 


GGT 


GAG 


TGT 


TAT TTC TTC AAT GGG ACG 


GAG 


CGG 


GTG 


CGG 


TTA 


CTG 


GAG 


AGA 


CAC 


TTC 


CAT 


AAC CAG GAG GAG CTC CTG 


CGC 


TTC 


GAC 


AGC 


GAC 


GTG 


GGG 


GAG 


TTC 


CGG 


GCG 


GTG ACG GAG CTG GGG CGG 


CCT 


GTC 


GCC 


GAG 


TCC 


TGG 


AAC 


AGC 


CAG 


AAG 


GAC 


TTC CTG GAA GAC AGG CGC 


GCC 


GCG 


GTG 


GAC 


ACC 


TAT 


TGC 


AGA 


CAC 


AAC 


TAC 


GGG GCT GTG GAG AGC TTC 


ACA 


GTG 


CAG 


CGG 


CGA 












DRB1*1304 (SEQ ID NO: 35): 


CA 


CGT 


TTC 


TTG 


GGG 


TAC 


TCT 


ACG 


TCT 


GAG 


TGT 


CAT TTC TTC AAT GGG ACG 


GAG 


CGG 


GTG 


CGG 


TTC 


CTG 


GAC 


AGA 


TAC 


TTC 


TAT 


AAC CAA GAG GAG TAC GTG 


CGC 


TTC GAC 


AGC 


GAC 


GTG 


GGG 


GAG 


TTC 


CGG 


GCG 


GTG ACG GAG CTG GGG CGG 


CCT 


AGC GCC 


GAG 


TAC 


TGG 


AAC 


AGC 


CAG 


AAG 


GAC 


ATC CTG GAA GAC GAG CGG 


GCC 


GCG 


GTG 


GAC 


ACC 


TAC 


TGC 


AGA 


CAC 


AAC 


TAC 


GGG GTT GTG GAG AGC TTC 


ACA 


GTG 


CAG 


CGG 


CGA 
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BRB1 . M 03 <SKO » « 3»» .. CA CGT TTC TTG GGG « TCT « « ~ 

CAT « C« GAG GAG AAC GTG CGC TTC SAC AGO GAC GTS GGG GAG TAC CGG 
^ GTG ACG GAG « - « CCT GAT GCC GAG TAC TGO AAC AGO CAG 
5 GAC CTC CTG GAA GAC AGG CGG GCC CTG GTG GAC ACC TAC TGC AGA CAC AAC 
TAC GGG GTT GGT GAG AGC TTC ACA GTG CAG CGG CGA 

r(W TTC TTG GGG TAC TCT ACG TCT GAG 
DMS1*140S (SEOTOHOl 41)-. CA CGT TIC TTG 

TGT CAA TTC TTC AAT GGG ACG GAG CGG GTG CGG TTC CTG GAC AGA TAC TTC 
10 CAT AAC CAG. GAG GAG TTC GTG CGC TTC GAC AGC GAC GTG GGG GAG TAC' CGG 
Z GTG ACG gWcTG GCG CGG CCT GAT GCT GAG TAC TGG AAC AGC C» « 
SAC CTC CTG GAG CGG AGG CGG GCC GAG GTG GAC ACC TAT TGC AGA CAC AAC 
TAC GGG GTT GTG GAG AGC TTC ACA GTG CAG CGG CGA 

. ... f & riST TTC CTG TGG CAG CCT AAG AGG GAG 
15 DBB1*1503 (SCO ID NO: 44) : CA CGT TTC CTG ,■„„;._,._; 
TGT CAT TTC TTC AAT GGG ACG GAG CGG GTG CGG TTC CTG GAC AGA CAC TTC 
TAT AAC CAG GAG GAG TCC GTG CGC TTC GAC * ~™ " 
GCG GTG ACG GAG CTG GGG CGG CCT GAC GCT GAG TAC TGG AAC AGC CAG AAG 
SAC ATC CTG GAG CAG GCG CGG GCC GCG GTG GAC ACC TAC TGC AGA CAC AAC 
20 TAC GGG GTT GTG GAG AGC TTC ACA GTG CAG CGG CGA 
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WeClaim 

1 ., A method for determining the DRbeta DNA type of nucleic acid in a 
sample, which method comprises: 

(a) amplifying any nucleic acids in the sample that contain a DRbeta gene 
5 second exon; 

(b) hybridizing said nucleic acid amplified in step (a) to a first panel of 
oligonucleotide probes undo- conditions such that said probes hybridize only to exactly 
complementary sequences greater than ten nucleotides in length; 

(c) amplifying a specific subset of nucleic acids in the sample that contain 
10 DRbeta gene second exon sequences; 

(d) hybridizing said nucleic acid amplified in step (c) with a second panel of 
oligonucleotide probes under conditions such that said probes hybridize only to exactly 
complementary sequences greater than ten nucleotides in length; and 

(e) determining from the pattern of probe hybridization in steps (b) and (d) the 
15 DRbeta alleles from which the DRbeta DNA in said sample originates. 

2. The method of Claim 1, wherein the amplifying of steps (a) and (c) is 
carried out by a polymerase chain reaction with a pair of oligonucleotide primers, and 
wherein the primer pair used instep (a) is different from the primer pair used in step 

20 (c). 

3. The method of Claim 2, wherein the primers used in step (a) are GH46 
and GH50, and the primers used in step (c) are either GH46 and CRX37 or GH46 and 
DRB30. 

25 . _ 

4. The method of Claim 1, wherein said first arid second panel of 
oligonucleotide probes each comprise two or more probes, and wherein said probes can 
hybridize to DRbeta gene second exon sequences, which sequences are selected from 
the group consisting of sequences that encode amino acid residues 9 to 16, amino acid 

30 residues 25 to 34, amino acid residues 67 to 74, and amino acid residue 86. 
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(SEQ ID NO: 79), GH105 (SEQ ID NO. 9 IX GH104 (SEQ £ 
L>NO 51X0006 (SEQIDNO 6D.GH122 »»™^^ 
< no- «n CRX35 (SEQ ID NO. 71), CRX49 (SEQ ID NO. 74X GH102 (SEQ ID NO. 

oSEQmN086).CRX68(SEQIDNO: 84Xa»dCRX12 (SEQ ID NO: 63). 

OT125 (SEQ* NO: 94). CRX50 (SEQ ID NO 68), CRX53 (SEQ © NO: 70 
0*15 SEQIDNO: 64),CRX62(SEQIDNO 8D.CRX63 ««>»» 
Sxl, (SEQIDNO 80), GH54 (SEQIDNO 85).CR X 56(SEQ1DN077). 
CRX57 (SEQ ID NO: 78), and CRX12 (SEQ ID NO 63). 
" 7 Tten«hodofaato2,whe^th e p I ^»3edins B p(a)a re GH^ 

(SEQID NO 67) and GH50 (SEQ ID NO. 68), ft. primers used to step (c) are GH46 
.lOOST (SEQIDNO "X^firstpar^ofoli^dd^c^ 
probes CRX60 (SEQ ID NO 79), GHHB (SEQ ID NO 91). f«™ N £ 

OUC23 (SEQ ID NO 66), CRX35 (SEQ ID NO: 71), CRX49 (SEQ ID NO 74). 
«(s2roN0 89XGHlll (SEQ ro NO92XC R X34(SEQmN0:™) 
Sc04 SEQ TD NO 60), GH56 (SEQ ID NO 86), CRX68 (SEQ ID NO 84) and 

25 probes GH125 (SEQ ID NO 94), CRX50 (SEQ 1DNO 68 M * 
7ffl CRX15 (SEQ ID NO 64). CRX62 (SEQ ID NO: 81), CRX63 (SEQ ID NO. SZX 

CRX57 (SEQ ID NO 78X and CRX12 (SEQ ID NO 63). 
30 8 The method of Gaira I, wherein said first and second panels of 

distinct location on said solid support 

9 AkiI forperfc^gu.en^odofaaimlwhichld,comprkesd« 

probes. 
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10. The kit of Claim 9, which kit comprises primers GH46 (SEQ ID NO: 67), 
GH50 (SEQ ID NO: 68), and CRX37 (SEQ ID NO: 73), two or more oligonucleotide 
probes selected from the group consisting of probes CRX60 (SEQ ID NO: 79), GH105 
(SEQ ID NO: 91),GH104 (SEQ ID NO: 90), GH59 (SEQ ID NO: 57), CRX06 (SEQ 
5 ID NO: 61), GH122 (SEQ ED NO: 93), CRX23 (SEQ ID NO: 66), CRX35 (SEQ ID 
NO: 71), CRX49 (SEQ ID NO: 74), GH102 (SEQ ID NO: 89), GH111 (SEQ ID NO: 
92), CRX34 (SEQ ID NO: 70), CRX04 (SEQ ID NO: 60), GH56 (SEQ ID NO: 86), 
CRX68 (SEQ ID NO: 84), and CRX12 (SEQ ID NO: 63), and two or more probes 
selected from the group consisting of probes GH125 (SEQ ID NO: 94), CRX50 (SEQ 
10 ID NO: 68), CRX53 (SEQ ID NO: 76), CRX15 (SEQ ID NO: 64),CRX62 (SEQ ID 
NO: 81), CRX63 (SEQ ID NO: 82), CRX61 (SEQ ID NO: 80), GH54 (SEQ ID NO: 
85), CRX56 (SEQ ID NO: 77), CRX57 (SEQ ID NO: 78), and CRX12 (SEQ ID NO: 
63). 

15 11. The kit of Claim 10, which kit comprises primers GH46 (SEQ ED NO: 

67), GH50 (SEQ TD NO: 68), and CRX37 (SEQ ID NO: 73), a first panel of 
oligonucleotide probes comprising probes CRX60 (SEQ ID NO: 79), GH105 (SEQ ID 
NO: 91), GH104 (SEQ ID NO: 90), GH59 (SEQ ID NO: 57), CRX06 (SEQ ID NO: 
61), GH122 (SEQ ID NO: 93), CRX23 (SEQ ID NO: 66), CRX35 (SEQ ID NO: 71), 

20 CRX49 (SEQ ID NO: 74), GH102 (SEQ ID NO: 89), GH1 1 1 (SEQ ID NO: 92), 
CRX34 (SEQ ID NO: 70), CRX04 (SEQ ID NO: 60),GH56 (SEQ TD NO: 86), 
CRX68 (SEQ ID NO: 84), and CRX12 (SEQ ID NO: 63), and a second panel of 
oligonucleotide probes comprising probes GH125 (SEQ ID NO: 94),CRX50 (SEQ ID 
NO: 68), CRX53 (SEQ ID NO: 76), CRX15 (SEQ ID NO: 64), CRX62 (SEQ ID NO: 

25 81), CRX63 (SEQ ID NO: 82), CRX61 (SEQ ED NO: 80), GH54 (SEQ ED NO: 85), 
CRX56 (SEQ ID NO: 77), CRX57 (SEQ ID NO: 78), and CRX12 (SEQ TD NO: 63). 
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12 A method for detennining whether a sample comprises nucleic acid from 
the DRBl allele of a serological type selected from the group consisting of the DR1, 
DR2, DR4,DR7,DRw9, andDRwlO types, which method comprises: 

(a) amplifying any DRBl nucleic acid in the sample; and 

(b) hybridizing said nucleic acid amplified in step (a) to a panel of 
oligonucleotide probes under conditions such that said probes hybridize only to exactfy 
complementary sequences greater than ten nucleotides in length, wherein said probes 
hybridize to unique polymorphic sequences encoding amino acid residues 9 to 16 of the 
DRBl gene second exon. 

13 The method of Claim 12, wherein said amplifying step is carried out in a 
polymerase chain reaction with primers GH46 and GH50 and said panel of probes 
comprises two or more probes selected from the group consisting of probes CRX60 
(SEQID NO: 79), GH105 (SEQ ID NO: 91), GH104 (SEQ ID NO: 90), GH59 (SEQ 

15 ID NO: 57), CRX06 (SEQ ID NO: 61), GH122 (SEQID NO: 93), CRX23 (SEQ ID 
NO- 66), CRX35 (SEQ ID NO: 71), CRX49 (SEQ ID NO: 74), GH102 (SEQ ID NO: 
89) GH111 (SEQID NO: 92), CRX34 (SEQ ID NO: 70), CRX04 (SEQ ID NO: 60), 
GH56 (SEQID NO: 86). CRX68 (SEQID NO: 84), and CRX12 (SEQID NO: 63). 

20 14 A method for determining whether a sample contains nucleic acid from a 

DRBl allele selected from the group consisting of alleles 0101, 0102, 0103, 0301, 
0302 0401, 0402, 0403, 0404, 0405, 0406, 0407, 0408, 0701, 0801, 0802, 0803, 
0901, 1001, 1101, 1102, 1103, 1104, 1201, 1301, 1302, 1303, 1401, 1402, DR2, 
DR TEV^ and for detenmning the allele from which the nucleic acid originates, which 

25 method comprises: 

(a) amplifying any DRBl nucleic acid in said sample; and 

(b) hybridizing said nucleic acid amplified in step a withapanelof 
oUgonucleotide probes under conditions such that said probes hybridize only to exactly 
complementary sequences greater than ten nucleotides in length. 
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15. The method of Qaim 14, wherein said panel of oligonucleotide probes 
comprises two or more probes selected from the group consisting of probes CRX04 
(SEQ ID NO: 60), CRX06 (SEQ ID NO: 61), CRX15 (SEQ ED NO: 64), CRX23 
(SEQ ID NO: 66), CRX34 (SEQ ID NO: 70), CRX35 (SEQ ID NO: 71), CRX49 

5 (SEQ ID NO: 74), CRX50 (SEQ ID NO. 50), CRX53 (SEQ ID NO: 76), CRX56 
(SEQ ID NO: 77), CRX57 (SEQ ID NO: 78), CRX60 (SEQ ID NO: 79), CRX61 
(SEQ ID NO: 80), CRX62 (SEQ ID NO: 81), CRX63 (SEQ ID NO: 82), CRX68 
(SEQ ID NO: 84), GH54 (SEQ ID NO: 85), GH56 (SEQ ID NO: 86), GH59 (SEQ ID 
NO: 87), GH102 (SEQ ID NO: 89), GH105 (SEQ ID NO: 91), GH11 1 (SEQ ED NO: 
10 92)i GH122 (SEQ ID NO: 93), and GH125 (SEQ ID NO: 94)1 

16. The method of Qaim 15, wherein said panel of oligonucleotide probes 
comprises probes CRX04 (SEQ ID NO: 60), CRX06 (SEQ ID NO: 61), CRX15 (SEQ 
ID NO: 64), CRX23 (SEQ ID NO: 66), CRX34 (SEQ ID NO: 70), CRX35 (SEQ ID 

15 NO: 71), CRX49 (SEQ ED NO: 74), CRX50 (SEQ ED NO: 50), CRX53 (SEQ ED NO: 
76), CRX56 (SEQ ID NO: 77), CRX57 (SEQ ID NO: 78), CRX60 (SEQ ED NO: 79), 
CRX61 (SEQ ED NO: 80), CRX62 (SEQ ID NO: 81), CRX63 (SEQ ED NO: 82), 
CRX68 (SEQ ID NO: 84), GH54 (SEQ ID NO: 85), GH56 (SEQ ID NO: 86), GH59 
(SEQ ED NO: 87), GH102 (SEQ ED NO: 89), GH105 (SEQ ED NO: 91), GH111 (SEQ 

20 ID NO: 92), GH122 (SEQ ID NO: 93), and GH125 (SEQ ID NO: 94). 

17. A method for detenrrining the serological DR type of a sample, wherein 
said type is selected from the group consisting of DR1 Dwl; DR1 Dw "BON"; DR2; 
DR4 Dw4; DR4 DwlO; DR4 Dwl3, DR4 Dwl4, DR4 Dwl5; DR3, DRwl 1, DRw6; 

25 DRwll.l; DRwl 1.2; DRwl2, DRw8.3; DRwl3; DRwl4 Dwl6; DRwl4 Dw9; DR7; 
DRw8.1, DRw8^; DR9; and DRwlO, which method comprises: 

(a) amplifying any DRB1 nucleic acid in said sample; and 

(b) hybridizing said nucleic acid amplified in step a with a panel of 
oligonucleotide probes under conditions such that said probes hybridize only to exactly 

30 complementary sequences greater man ten nucleotides in length. 
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18 . ^^odrfC^n.whcrdnsaidpanelofoUgon^^ 

NO: 91). GHlll (SEQ ID Nft 92), and GH122 (SEQ ID N» 93). 

,0 n* mahod of Claim 18, wherein said panel of ottgonucleoSde probes 

19. Ttemanodoti. (SE0 ro N 0: 60), CRX06 (SEQ ID 
comprises the group conasung of probes CRX04 (SEQIU roN0 . 
M _ P ',, (SEQro Na 66), CRX34 (SEQIDNO:70), CRX35 (SEQ ID NO. 
™ SSSSJS 74) CKX53 (SEQ1D NO: 76), CRX60 (SEQ ID NO: 79), 

15 (SEQ ID NO: 93). 

M AnoBf^udeotf.fcprirr^ 
«EOIDNO^AB82(SEQ^58XAB83(SEQmNO:59),DB 2 59^Qn> 

MfTfl^ DB260 (SEQ ID NO: 96), DRB17 (SEQ ID NO: 73), DRB30 (SEQ ID NO: 



10 



25 



30 



NO: 73). 



21. Anoligonucleofldeprobes^ 
,SEO ID NO 97), DRB20 (SEQ ID NO: 98). DRB21 (SEQ ID NO: 99). E « 21 (SEQ 

«■>« 183), DRB108 (SEQ ID NO: ™™£^£J£n>N0= 
DRB1 1 2 (SEQ ID NO: 188). DRB1 13 (SEQ ID NO: 189),andDRB118(SEQIDNO. 



35 194). 
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22. The method of Claim 1, wherein said first panel of probes comprises two 
or more probes selected from the group consisting of probes DRB01 (SEQ ID NO: 79), 
GH104 (SEQ ID NO: 90), DRB46 (SEQ ID NO: 123),DRB48 (SEQ ID NO: 125), 
DRB207 (SEQ ID NO: 283), GH102 (SEQ ID NO: 89), DRB209 (SEQ ID NO: 285), 

5 DRB20 (SEQ ID NO: 98), DRB102 (SEQ ID NO: 178), DRB112 (SEQ ID Na 188), 
DRB07 (SEQ ID NO: 84), and DRB42 (SEQ ID NO: 1 19). 

23. The method of Claim 1 , wherein said second panel of probes comprises 
two or more probes selected from the group consisting of probes DRB223 (SEQ ID 

10 NO: 299), DRB37 (SEQ ID NO: 144), DRB203 (SEQ ID NO: 279), DRB163 (SEQ ID 
NO: 239), DRB1 1 8 (SEQ ID NO: 194), DRB02 (SEQ ID NO: 61), DRB38 (SEQ ID 
NO: 1 15), DRB222 (SEQ ID NO: 298), DRB232 (SEQ ID NO: 308), DRB136 (SEQ 
ID NO: 212); DRB 198 (SEQ ID NO: 274), and DRB42 (SEQ ID NO: 119). 

15 24. The method of Claim 2, wherein the primers used in step (a) are CRX28 

(SEQ ID NO: 67) and CRX29 (SEQ ID NO: 68), the primers used in step (c) are 
CRX28 and CRX37 (SEQ TD NO: 73), the first panel of oligonucleotide probes 
comprises probes DRB01 (SEQ ID NO: 79),GH104(SEQ ID NO: 90), DRB46 (SEQ 
ID NO: 123), DRB48 (SEQ ID NO: 125), DRB207 (SEQ ID NO: 283), GH102 (SEQ 

20 ID NO: 89), DRB209 (SEQ ID Na 285), DRB20 (SEQ ID NO: 98), DRB 102 (SEQ 
ID NO: 178), DRB1 12 (SEQ ID Na 188), DRB07 (SEQ ID NO: 84), and DRB42 
(SEQ ID NO: 1 19), and the second panel of oligonucleotide probes comprises probes 
DRB223 (SEQ ID NO: 299), DRB37 (SEQ ID NO: 144), DRB203 (SEQ TD NO: 279), 
DRB163 (SEQ ID Na 239), DRB1 18 (SEQ TD NO: 194), DRB02 (SEQ ID NO: 61), 

25 DRB38 (SEQ ID NO: 1 15), DRB222 (SEQ ID NO: 298), DRB232 (SEQ TD NO: 308), 
DRB136 (SEQ ID NO: 212), DRB198 (SEQ ID NO: 274), and DRB42 (SEQ ID NO: 
119). 
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25 A method for determining whether a sample contains nucleic acid from a 
DRB1 allele selected from the group consisting of alleles 0101; 0102, 0103 1501 
1502, 1503 . 1504, 1601, 1602, 0301, 0302, 0303, 0401, 0402, 0403, 0404, 0405, 
0406, 0407, 0408, 0409, 04010, 04011, 1101, 1102. 1103, 1104, BUGS,1301, 
5 1302, 1303, 1304, 1305, 1401, 1402, 1403. 1404, 1405. 0701, 0801,0802, 0803. 
0804, 0901, 1001, 1201, and 1202, and feff determining the allele from which the 
nucleic acid originates, which method comprises: 

(a) amplifying any DRB1 nucleic acid in said sample; and 

(b) hybridizing said nucleic acid amplified in step a with a panel of 

10 ofigonucleotide probes under conditions such that said probes hybridize only to exactly 
complementary sequences greater than ten nucleotides in length. 

26. The method of Qaim 1, wherein me first panel of obgonucleotide probes 
comprises two or more probes selected from the group consisting of probes CRX33 
15 (SEQroNO:69),GH104^ 

ID NO* 87),CRX49 (SEQ1DNO: 74XGH102 (SEQIDNO: 89),GHU1 (SEQID 
NO- 92) CRX34 (SEQID NO: 70), GH122 (SEQID NO: 93), CRX61 (SEQIDNO: 
80), CRX23 (SEQID NO: 66), CRX06 (SEQID NO: 61), CRX35 (SEQID NO: 71), 
CRX68 (SEQID NO: 84), and CRX62 (SEQ ID NO: 81). 
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27. The method of Claim 1, wherein the second panel of probes comprises 
two or more probes selected from a third panel of probes, wherein said third panel is 
selected from the group consisting of panels GH104 (SEQID NO: 90), DRB63 (SEQ 
ID NO: 140),DRB113 (SEQ. H> NO: 189), Ct«35 (SEQ ID NO: 71), GRX57 (SEQ 
5 ID NO: 78), CRX56 (SEQ ID NQ: 77), DRB196 (SEQ ffi) NO: 272),DRB197 (SEQ 
ID NO: 273), DFB215 (SEQ ID NO: 291), aiid Dmi 6 (SEQ ID NO: 292); CRX50 
(SEQ ID NO: 75), GH125 (SEQ ID NO: 94), DRB180 (SEQ ID NO: 256), GH122 
(SEQ ID NO: 93), CRX61 (SEQ ID NO: 80), CRX23 (SEQ ID NO: 66), CRX06 
(SEQ ID NO: 61), CRX62 (SEQID NO: 81), CRX68 (SEQ ID NO: 84),CRX35 

10 (SEQ ID NO: 71), CRX04 (SEQ ID NO: 60), C±«7 (SEQ ID NO: 78), CRX56 
(SEQ ID NO: 77), and GH56 (SEQ ID NO: 86); CRX61 (SEQ ID NO: 80), CRX64 
(SEQ ID NO: 83), CRX04 (SEQ. ID NO: 60),CRX15(SEQ ID NO: 64); CRX06 
(SEQ ID NO: 61), CRX57 (SEQ ID NO: 78), CRX56 (SEQ ID NO: 77), GH59 (SEQ 
ID NO: 87); and CRX33 (SEQ ID NO: 69), CRX04 (SEQ ID NO: 60), CRX06 (SEQ 

15 ID NO: 61), CRX57 (SEQ ID NO: 78), DRB 1 81 (SEQ ID NO: 257), CRX56 (SEQ ID 
NO: 77), GH102 (SEQ ID NO: 89), GH54 (SEQ ID NO: 85), CRX63 (SEQ ID NO: 
82), CRX35 (SEQ ID NO: 71). 



PCT/US91/092M 

WO 92/19589 

70 

28 Tte TO th<xlofClafa2. W lK m inthepri m et S us« ! dins 1 ep(a)aieGH46 

v ^ ,..„,,, «FO ID NO 59) and AB60 (SEQ ID NO: 57), 

from the group consisting of AB83 (SEQ u> »> anu :,. M _i(nus 

5 (SEQroNO:67)aiidCRXOT(SEQroNO:?3V v tte 
^3(Sl*IDNO:69).Cm04(SEQlDNO^ 

IDNO-92) CRX34(SEQIDNO:70).GHm(SEQIDNO:93),CRX61 (SEQ ID 

71) a^(SEQJDNO:84%^^^ 
protecc^moorn^pn^^ 

9O),DRB63(SEQIDNO:140),DRBn3(SEQIDNO : 189),^ 
,5 71), CRX57 (SEQ ID NO: 78), CRX56 (SEQ ID NO: 77). DRB196 <^™*L 
272) DRB197 (SEQ ID NO: 273). DRB215 (SEQ ID NO: 291). and DRB216(SEQ 

NO- 256) GH122 (SEQ ID NO: 93), CRX61 (SEQ ID NO: 80), CRX23 (SEQ ID 
^ c£o6 (U ID NO: 61), CRX62 (SEQID NO: 81), CRX68 (SEQID NO: 
20 ^^SEqVnO^CR^^^ 

CRX56 (SEQ ID NO: 77), and GH56 (SEQ ID NO: 86); CRX61 (SEQ 

CRX64 (SEQ ID NO: 83), CRX04 (SEQ ID NO: 60). CRX15 (SEQ ID NO: 64 . 

CRX06 (SEQ ID NO: 61). CRX57 (SEQ ID NO: 78). CRX56 (SEQ ID Nam 

GKE59 (SEQID NO: 87); andCRX33 (SEQIDNO:69).C R X04 (SEQ^NO: 60). 
25 0«06(SEQIDNa61).CRX57(SEQIDNa78).DRB18USEQroNO^ 

CRX56 (SEQ ID NO: 77). GH102 (SEQ ID NO: 89). GH54 (SEQ ID NO: 85). 

CRX63 (SEQ ID NO: 82),CRX35 (SEQIDNO:71). 
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29. The method of Qaim 2, wherein the primers used in step (a) are GH46 
(SEQ ID NO:_J and GH50 (SEQ ID NO:_J; the primers used in step (c) are selected 
from the group consisting of AB83 (SEQ ID NO: 59) and AB60 (SEQ ID NO: 57), 
AB82 (SEQ ID NO: 58) and AB60, AB54 (SEQ ID NO: 56) and AB60, and GH46 
5 (SEQ ID NO: 67) and CRX37 (SEQ ID NO: 73); the first panel of oligonucleotide 
probes consists of probes CRX33 (SEQ ID NO: 69), GH104 (SEQ ID NO: 90), GH56 
(SEQ ID NO: 86), GH59 (SEQ ID NO: 87), CRX49 (SEQ ID NO: 74), GH102 (SEQ 
ID NO: 89), GH1 1 1 (SEQ ID NO: 92), CRX34 (SEQ ID NO: 70), GH122 (SEQ ID 
NO: 93), CRX61 (SEQ ID NO: 80), CRX23 (SEQ ID NO: 66), CRX06 (SEQ ID NO: 

10 61), CRX35 (SEQ ID NO: 71), CRX68 (SEQ ID NO: 84), and CRX62 (SEQ ID NO: 
81); and the second panel is selected from the group consisting of panels GH104 (SEQ 
ID NO: 90), DRB63 (SEQID NO: 140), DRB113 (SEQ ID NO: 189), CRX35 (SEQ 
ID NO: 71), CRX57 (SEQ ID NO: 78), CRX56 (SEQ ID NO: 77), DRB196 (SEQ ID 
NO: 272), DRB197 (SEQ ID NO: 273), DRB215 (SEQ ID NO: 291), and DRB216 

15 (SEQ ID NO: 292); CRX50 (SEQ ID NO: 75), GH125 (SEQ ID NO: 94), DRB180 
(SEQ ID NO: 256), GH122 (SEQ ID NO: 93), CRX61 (SEQ ID NO: 80), CRX23 
(SEQ ID NO: 66), CRX06 (SEQ ID NO: 61), CRX62 (SEQ ID NO: 81), CRX68 
(SEQ ID NO: 84), CRX35 (SEQ ID NO: 71), CRX04 (SEQ ID NO: 60), CRX57 
(SEQ ID NO: 78), CRX56 (SEQ ID NO: 77), and GH56 (SEQ ID NO: 86); CRX61 

20 (SEQ ID NO: 80), CRX64 (SEQ ID NO: 83), CRX04 (SEQ ID NO: 60), CRX15 
(SEQ ID NO: 64), CRX06 (SEQ ID NO: 61), CRX57 (SEQ ID NO: 78), CRX56 
(SEQ ID NO: 77), GH59 (SEQ ID NO: 87); and CRX33 (SEQ ID NO: 69), CRX04 
(SEQ ID NO: 60), CRX06 (SEQ ID NO: 61), CRX57 (SEQ ID NO: 78), DRB 1 81 
(SEQ ID NO: 257), CRX56 (SEQ ID NO: 77), GH102 (SEQ ID NO: 89), GH54 (SEQ 

25 IDNO:85),CRX63(SEQIDNO:82),CRX35(SEQIDNO:71). 

30. A probe selected from the group consisting of RAP05 (SEQ ID NO: 312), 
and RAP06 (SEQ ID NO: 313). 
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